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GEORGE BARGER, M.A., D.Sc., F.R.S. 

Professor of Medical Chemistry in the University of Edinburgh 

Mii. SiiA'Esi'KH luis jiskcd me to write a })rerae(‘ to Jiis translation 
of M. FouriKsui’s Prcpardtioii drs mhlieainenis org(niiques. I do so 
with e(>nsidti-a.l)lc‘ hc'sitation, for the writing’ of a j)rc‘rae(‘ to tlu^ work 
of othca’s sc'enis to imply scientific eminence' to which I cannot lay 
claim, ir it nu'rely implic'd ap|)r('eiation and admiration, 1 slionld 
\vrit(' wilh h'ss misi>i\Tn<»‘. 

]\I. t'ounu'au has lono- hcH'ii known as a niiisle'r of driio’ syntlu'sis, 
a. held ol‘ oi’<^'aiiic ela'inislry which has Ik'c'II lillh' c*ulti\'at('d outsieh* 
(i('rmany. Nh)( only has lu' doiu' much work of an aeadc'inie kind, 
hid as a toi'iner direelor of I Ik' lN)nlene l^ahoral orii's h(' has also an 
inlimah' aeipiaiid anee' wilh indnsli-ial praeli(*e. \\'ilh SloxaiiU' lu' 
has pi'i'inanenl ly em'ich(‘d oiir store' of medieamenls ; I he' subtle' 
alhisie)]! in t he' nainini>’ eif t his eiriit*’ sheailel nppe'al to Knylish-spe'akino' 
st iiele'id s. 

The' pi'e'se'nt l)e)e)k she)ws IM. Eoiirne'aii in ye t ane)the'i‘ capacity, 
that e>f ( li(' l(‘ae‘h('i’, toi' it e )ri^-ina I e-et in a brie t e'oiirse' e )l‘ insi riie't ie>n 
ill the prepara I i( m e)l' sxnthe'lie* eirnys, yi\<ii by him at Maeli'iel, in 
IdIT, on the invitation e)i“ the' .fnida para ainpliae'oiie' ele Kstiielieis. 
As the' title' implie's, this be)ok sheinlel make' a diree'l jirae-lie^al ajipe'al 
te) ma n 11 tact II re'i's anel I e'(‘hne)le)i>ist s, but it eleie's nmeh more than 
that. Sine'e' the' xai'ieais pre'pa.ral ie)ns start rre)m e'enimein male'i'ials, 
aliel all the' siie'e*('ssi \'(' e)j)e'ra( iems are' de'se*i'ihe'el in eletail, the' be)e>k 
is a x e i'i t able' manual eif e)ri>anic pre'para t i\'e' e*he'mis( I'y, e)!' a, iieixa'l 
anel int (‘re'st iny kinel. Meist eif t he'se' be)e)ks hav e' be'e'n inlhu'iu'e'el by 
the' elye'srnIT inelnsiry, bid ejnite' as much ehe'mistry may be' h'ai'ue'el 
lVe)m that eillu'r brane'h e>r oryanie^ chemical mamdactnre' which 
pre)eluce's synthe'tic elruys. A stude'ut whe) we)rks throuyh M. 
Eeainu'an’s be)e)k will, me)re‘ove‘r, ya,in an appre*ciatie)n of other 
aspects in which the orelinary text-he)e)k is lacking. Tims, in the 
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first chapter he is introduced to technical considerations of yields 
and prices, of patents and secret processes. He will learn how 
giiaiacol came to be introduced into medicine, and why its clinicjil 
use is not based on a secure theoretical foundation. As he pass(‘s 
on to antipyretics, hypnotics, antiseptics and organic arsenic com- 
pounds the chemist will learn much about pharmacology, disinfection 
and chemotherapy. The chapter on adrenaline provides an oppor- 
tunity for discussing the relationship between physiological action 
and chemical constitution ; those on phosphatides and on nucleic 
acid illustrate the application of organic chemistry to biological 
problems. On reading through these theoretical chapters a student, 
whether he be primarily interested in organic chemistry, or in 
pharmacology, or in manufacture, will have his outlook widened, 
his interest in cognate subjects stimulated. The practical section 
of the book is no less attractive ; even veterans in organic research 
vill be interested in M. Fourneau’s advice to beginners,' and might 
profit by close attention to his injunctions. 

TMiy is this book so attractive ? Because it is not an ordinary 
text-book. Its author wns not constrained by the need of being 
complete ; he has mitten only of what interested him most, of what 
he had most experience, and the writing of it was evidently a labour 
of love. It is strange that the language in which it was writtcui 
should have restricted the circulation of such a book in English and 
American laboratories, but we may hope that this restriction has 
been removed by the enthusiasm of the translator. The original 
or the translation should find a place in every laboratory wlauv 
organic synthesis is practised, and should be in the possession of all 
who take a scientific interest in drugs, whether they be manufaeturers, 
or pharmacists, or pharmacologists. 


Department of Medical Chemistry, 
University op Edinburgh. 


GEORGE BARGER. 
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PREFifeE'xL' 

TO THE FRENCH EDITION 


DR. ROUX, Director of the Pasteur Institute 


I^{()PKKL^' to appreciate the work that I havx‘ tiic honour to 
prc‘sc‘nt needs some ae(|uaintance with tlie eireninstances in whieii 
i( was eomposcsl. In 1017, by rca^nest ot tlie Junta para ani])liaeoiU‘ 
(le Ksliidios, M. Fourneau W(‘nt to Madrid to arrau.i>X‘ and direct a 
(*oni’S(‘ of tiu'orc'tieal and practical instruction in the synt}K‘sis of tht^ 
priu(‘ipal organic nuslieanu'nts. The presc'iit v'olimie (contains his 
lcetui‘(\s and I Ik* practical I rainini>' that he oroanisc'd, wil h th(‘ x^aluabk* 
li(‘lp of Frofi'ssor Ma(Iina\'(‘il ia, in IVofc'ssor Cnrraeido's lahoi’atory. 

M. Fourneau had but a shoii iinu* at his disposal (Ihrcs' nioulhs), 
so an exhaus(i\'{‘ summary of our l<n()wledi»(‘ of llu* properli(‘s and 
applical ions ol' pliarmacsad icai produels oi* oi‘ nn'lluxts for I heir 
pr(‘paralion must nol bi' lookxal for laaxa S('\'(‘ral inij)oi*l aid i>i'oups 
of medicinal chemicals -aid lu'lminl ies, piiru^al i\’es, (d(*. - are iiol ('\'c‘n 
meidioiK'd. Mor(‘o\'er, (he book is not planned lo (il any olli(‘ial 
syllabus, and shows no siens of beini»‘ wrillen lo salisfy an exislin^ 
demand. .VII tlK‘ same, I h(‘ seluam* of inslruelion eonlained in il 
makes il a, most x'aliiahk' book. 

Sona* ehaplers art' \'ery eonij>lele summaries (d‘ our knowlt't 
alony eerlain lines for example, I host' t>n arst'uieals, phospha I idt's 
and adis'iia !i lit'. 

Abt>\'(' all, il is a, jiroeramuie. Ih'St'areh in eht'mt)[ herapy is of 
lil llt' rt'nown in our counlry. Most nt'W medii'anit id s I ha! wt' use 
arc' of ldr('ii>n ori<>'in. This conu's about parlly beeaust' wt' ha\a' 
ft'W cht'misls who ]ia\T' spt'ciaiist'd in (haii»‘ sN nlla'sis, and furtlu'r, 
bt'caust' no instruelion in Uk' subjt'ct is eiw'ii in t'illK'r It'clmical 
schools or uni vT'rsil it's. M. Fournt'an is u rc'coi^nist'd missionary 
(‘oiuanec'd of tlu' lu't'd for makin,i>' France' no lonec'r dt'jic'iuk'id; on tlu^ 
fort'ient'r lor impoi'tant pharmaci'iitical products, indec'd, he thinks 
that cht'mol lu'rapc'utical rest'arch is just tlu' kind whieJi, should best 
develop here. Such a book as tins will do much to C'neourage our 
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young chemists to enter the field in which the inventor ol slovaine 
has worked for so many years. 

In conclusion, it should be pointed out that prepara;l i\'(‘ (‘xp(*ri** 
ments in manuals of practical organic chemistry usually ht^ar n(» 
relation to one another ; for that reason students oltcui Ios(‘ inl (‘r(‘s( . 
The second part of M. Fourne^u’s book is really very iniurtvsling, 
because there the preparation of any particular compoiind is a st(‘|) 
towards a definite end, namely, the synthesis of a drug. Then' art' 
included, nevertheless, examples illustrating most of the fundamenta l 
reactions of organic chemistry. M. Fourneau’s experience in Madrid 
of the great interest shown by students in practical work thus 
organised leads us to hope that in France, in university clK'iuislry 
departments, and particularly in schools of pharmacy, course ‘S ol’ 
lectures and practical work will be organised in the sanu* fashion 
even if this means engaging the services of outside teaclui's. 

Du. KOUX. 


TRANSLATOR’S NOTE 

M. Fourneau cordially agreed to the preparation of this ( raiisla ( ion . 
With his sanction and help, for which I am mucli indchlcai, a number 
of corrections and minor alterations have been nia(l(‘, souk' noles on 
and references to recent developments ha\^e been added, and a li((I<' 
bibliography has been appeneled. The latter is inlciidcd only l<> 
gest where further information and references to tla^ original lilcral me 
may readily be found. Trade names, except when fre([U(‘nlly used, 
are in italics. 

I amyery grateful to Professor llarger for ( ncouraging me, and for 
contributing the preface to tlie Englisli edition. Mr. T. H. Parsons 
has helped me with such sections as deal wilh ])hysioIogi(‘al (jiiesl ions, 
and lie and Mr. E. J. Amies have read the ])rools. 1\) ( hes(' g(ad leimm 
also my best thanks are due. 

W. A. SUA KSTKll. 

Crumps ALL. 
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CHAPTER I 

GUAIACOL AND PHENACETINE 

AVm will })(\<>iii with a study of Guaiacol and Fhenacetine. Thes(‘ 
Iavo sul)stan(‘{\s ar(' related because their nianufactiire starts with the 
two nitro-coinpounds produced when plienol is nitrated, namely, 
ortho- and pam-nitrophenol. 

From o-niirophenol ijfuaiaool may be prepared thus : 

(i) Treat it with a mcthylatinijf aj^ent and so produce nifroanisole, 

(ii) Reduce the nitroanisolc to o-anisidine, 

(iii) Diazotise the auisidine by treatment in sulphuric acid solution 
with sodium nitrite, 

(iv) I )(‘eompos(‘ tlK‘ diazonium compound })y heatin<>' it with 
di!ut(‘ sulphuric acid or eoppeu* sulphate solution and so ])roduc(‘ 
guaiacol. 

‘From \)-tilfroi)he}}ol phena(*etine may be pr(‘])ared thus : 

(i) H''r<'at with an (‘I hylaiinc*' ai»'ent to \)-nitroi)henctoh\ 

(ii) H('{lue(‘ the nitrophenetole to phnirUdiiie, 

(iii) Ae(‘lyla((‘ I1 k‘ pheiudidinc^ and obtain ptnoKU'cthu'. 

ldu\st' I ransronnations are represent(‘d thus : 



This stu-ies of reactions is actually used in industrial practice. 
N(W'(‘rl h(‘i(\ss, t he pre-war price of i>'uaiaeol was O.s*. to 10-v. and that of 
plu'nac*(‘tin(‘ (),v. to 7.s'. per kilo., and so it is easily seen that thc^ yields 
at (‘aeh sta<>'e must hav(‘ been excellent if a loss instead of a profit 
were not to result from the manufacture. 

Noav, ri^'ht at the start the nitration of pluaiol to the mononitro 
stage cannot be made quantitative, no matter how the operation be 
eondmded. In th(‘ laboratory, for instance, 1,000 gin. phenol will 
give 500 gm. ortho- and 500 gm. jpam-nitrophenol, instead of 1.470 cm 
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in all. Although since methyl sulphate became an industrial product 
the mcthylation of o-nitrophenol may be conducted in the cold with 
an excellent }deld, yet later on certain difhcuities are met with in 
decomposing the diazotised anisidine. Except for descriptions in the 
patent literature of two methods, neither of which gives, actually, 
even when implicitly followed, more than a mediocre yield, the last 
stage in the manufacture of guaiacol has been kept secret. 

So, to prepare the various intermediate products needed for 
manufacturing guaiacol and phenacetine other methods than those 
just outlined had to be devised; indeed, alternatives were all the 
more necessary because the original processes w^ere covered by 
patents. 

The case of guaiacol will first be considered. 

GUAIACOL 

It has already been shown that the stages in the manufacture of 
this compound are o~niirophenol, miroa?iisole, anisidine. Let us first 
see how these substances may be obtained in other ways, and after- 
wards we can discuss the possibility of preparing guaiacol by methy- 
lating catechol. 

o-Nitrophenol may be prepared by the following methods as alter- 
natives to the nitration of phenol. 

Preparation of o-Nitrophenol. — (i) When o-nitraniline is treated with 
caustic potash, o-nitrophenol is produced. Now o-nitraniline is the 
least easily obtained of the three isomerides, yet there are tw^'o methods 
by w^hich it may be prepared. In the first of these, acetyl- sii]])hanilic 
acid is nitrated, wiiereu])oii the nitro-group enters in the wiho- position 
to the aeetylamino radical, and when the product is heated with a, 
mineral acid the sulphonic group is split off and o-nitraniliiie 
formed. 

In practice there is no need to isolate the acetyl-sul|)hanijic acid. 

Acetanilide (50 gm.) is heated with fuming sulphuric acid (20% SO3 

150 gm.) for half an hour at 100^. Sulphuric acid (92% — a])out 
100 gm.) is added and the cooled mixture treated with nitric acid 

poured into wnter (140 e.e.) and boiJc'd 
for half an hour to split off the acetyl and sulphonic groups. By 
adding water in small quantities the nitranilinc is prceipitat(‘d, and at 
a certain stage separates in a nearly pure condition. 

(u) A second method is based on the fact that o-chloronitro- 
benzene yields e-nitraniline wiien heated with ammonia, under 
pressure. 

But o-nitraniline is not alone in givinjf o-nitrophenol when treated 
witli caustic potash. o-Dinitrobenzene and both chloro- and bromo- 
nitrobenzenes lose one nitro-group or a halogen atom respectivelv 
when similarly treated, likewise producing o-nitrophenol. 
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These reactions are sumniiarised thus : 

„ /NH COCH3 MNO^ ^-NH COCHa 

\SO,H 


C«H^— NO, 


\s03H 






NO, 
KOI! 


CJI,,Cl(]h*) 


UNO., 




KOI! 


Am 


so. 


r) : / I TT 

^ \.NO. 


Rules of Nitration. — A short digression may |)rc)litai:)ly be made here* 
as the above reactions present several points of general interest. In 
the lirst place the rules of nitration may l)e reviewed. 

The radicals Clis, *011,1^, CH^Cl, Cl, Br, I, OH, OR, NHCOR, 
and others, direct tlie entering nitro-group iiito tlie oriho- and para- 
positions, whilst the groups 'CHO, •C02li(R), 'COR, •(TIoSO.JT, -NR,, 
‘CCI3 and ‘NO, have a 7/ie?r^-direc‘tive inlhumee. 

Thus, when chloro- or bromobenzene is nitrated, I li(‘ 0 - and p- 
derivatives are produced, then? being formed about 1 ])art of o~ to 
2 of p- at low temperatures, whilst at higher tcanperatures the pro- 
portion of orfho- derivative increases. 

Chlorobenzene is manulactured in largi* (piautit i(‘s, and its mt eosi 
is barely doublt' I hat of heuzem*, as chlorine' costs only a penny or so 
the kilo, on the works.' Vs I h(' nitration is simj)l<‘ and 1‘urnishes two 
products both in iiuhistrial us(‘, these*, the* a- and />- ehloronil !*o- 
benzenes, are likewise* ehea]) anel can be* me)st advantag(‘e)usly use'el. 

To attain t he same (*nd one* e*annot chlorinate* nitrobe'nze'iK*, although 
the latter is so easily made* e)n the large* scale*, tor in this ease*, as yve 
have already seen, tlie prinei|)al ])roduet is v/^e'/ei-ehl()roniti’e)l)(‘n/.('nc. 
Rut when nitre)])enze*n(‘ is uitrateel furthe*r, })e*side‘s ///.-dinit rolx'nzcne*, 
which is the chie-f i)re)eiuet, small epiantilie's e)t the* orliia- and para- 
isonu'ride's are* tornie'd : ihe*s<* may be* separafe'd IVom the* nmthcr 
liquors in a, larg<* scale* pr<*paration anel use'd tor making c- and p- 
nitroph(*ne)ls. 

This, a. typical e'xamplc, shows he)W elillie-ult it was Ibrmci’Jy to 
(!omp(*te with the great elyeslulT manulact uring iirms, wlm ottesi 
jU'cpared from valueless by-pre)duets j)harmaeeul ieal eh(*mieals which 
could not be* made* inde‘j)endently t*xce*pt at a. pre)hil)itiva* cost. 

One neeel only re'f(*r te) a ]')re-war (*atalogue* of line* clie*mieals and 
ce)mpare the* price ot 7y/-dinitrolK‘nze*ne* with 1 liat of its isomerieles, te) 
be impresseel with the eli Iheulty of ma king the latter. When the meta- 
e'ost 6-9. ]^er lb., the 0 - anel ^^-dinitrobenzenes cost about £12 pe*r lb. 

To return to the reactions by which nitropheneds are proelueed ; 
t hese also are of general interest : 

' Pre'-war. In 1924 abe)iii "M. per lb. 

1—2 
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Reactivity of Halogens and Nitro-groups when present together as 
Substituents in the Benzene Nucleus. — In monosubstituted dcrivativc\s 
of benzene, such as nitro- and chlorobenzene, the halogen and the 
iiitroxyl radical are very firmly attached, so that they resist the most 
energetic reagents unless these are aided by such catalysts as copper 
or magnesium. But if a second nitro-group be introduced, the con- 
ditions are completely changed and the halogen, or one of the nitro- 
groups, ma}^ become mobile. Thus, o- or jj-chloronitrobenzene and 
0 - or _p-dinitrobenzene react ^\ith ammonia, sodium metlioxide, or 
caustic soda more or less readily, and the chlorine in the former or 
one of the nitro-groups in the latter is replaced by -NH^, -OCTI-j or 
•OH respectively (just as in the aliphatic series). Further introduc- 
tion of nitro-groups renders the halogen still more reactive so tliat 
chlorotrinitrobenzene (picryl chloride) behaves exactly like a, true 
acid cliloride. 


The two noteworthy observations to be made here are : (1) Tlie 
mobility of the halogen (or nitro-group) is limited to the ortho- and 
para- derivatives ; ?n-chIoronitrobenzene and /?i-dinitrobenzene ar(‘ 
quite inert towards alkalis and ammonia. ^ (2) In these reactions 

chlorine is the most mobile of the three halogens, bromine next and 
iodine least. This is the exact opposite of what takes place in the 
aliphatic series, particularly in the Grignard reaction. 

Other Procedures for making Nitrophenol. There remain to Ix' 
noted two curious ways of preparing nitrophenol, starting from nitro- 
benzene. These processes have been patented, but it is doubtful 
whether the first has ever been much used, because it can result in 
serious explosions. It is as follows : a mixture of nitrobenzene and 
caustic potash, dried and finely powdered, is heatcsl at 70’’. Oriho- 
nitrophenol is formed. Thus, from 20 gm. nitrolxmzcme (> gm. of 
nitrophenol may be obtained and 10 gin. nitrobcaizcaK* reeovi'red 
unchanged. 

According to the second specification, benzene is nitralcsl in pre- 
sence of mercury. For example, 400 gm. benzene witli 50 gm. 
mercuric nitrate and 625 gm. nitric acid (s]). gr. 1-00) yi(‘l(ls 200 gm. 
0- nitrophenol. 

Most of the processes by which e-nit rophemoi may Ik* ofitaimsl iiaxc 
now been reviewed. 


Nitroanisole.— The preparation of e-niti-oanisole from other ec 
])ounds than o-nitrophenoi may next Ix^ eonsidca’ed. 

When o-dinitrobenzene, e-chloro- or e-broinonitrol)(mz(‘n(‘ 
heated with sodium methoxide in methyl aleoholie solution nil 
anisole is produced. There is no need to diseuss t hes(‘ rvaef’ions 

‘ again is one of the miiiRMnus cases in uliicii. 1 Ik* dos,* irlationsliin Urtxsvvn 
n/ffiriiuT tlie special place oeeupied hy (},(> „ir(a. is sIio\mi | 

d tticnlttotuKlanexpIan^^^^^^ these relationships if l)<‘iiz*‘ne has tlic structure i,s,c 
a tiibuted fo It, VIZ with three donhle bonds. (The ori<rinal K(>kulc forniiii i is ui 
itequently used in France than in Rngland. - 7V.j ' ii-i is ui 
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a( 
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length ; they run parallel to those above, sodium methoxide l)C‘iug 
used here instead of the hydroxide. 

Finally, tliere remains the preparation of nitroanisole by nitrating 
anisole. 

The nitration of anisole yields a mixture or para- and or//io-nitro- 
anisole, in agreement with the rule quoted above. Now, although 
o-nitroanisole is used in large quantities for making dianisidine as well 
as guaiacol, there is practically no outlet for the p^xm-isomeride. We 
must therefore look for a process which will give n-nitroanisole almost 
exclusively. There is, in fact, one, widely used in la])oratory work 
but not known to be applied in industry. The anisok* is treated at a 
low temperature witli acetyl nitrat(‘ (obtaiiied by distilling ui vacuo a 
mixture of 100% nitric acid and acetic anhydride). 00% of the 
tlieoixdical yield of e-nitroanisole has been obtained in this way. 

Th(‘ reactions just discussed may be displayed thus : 

NOa Na OCH3 . NO, Na OCl I., NO, 

CgJ[I4\no., ^ ' ^ ^ ' C'KUr) 

t 

I UNO., 

1 

Nil roanisok' must now Ix' iH'dinx'd to anisidiiu* and I lu‘ anisidine imisf 
ht‘ dia'/()tis(‘d and eon\'(‘rt(‘d into guaiacol. 

'idK‘ reduction iKX'ds no j)a.ii ieuktr eomiiKuil ; il may h(‘ eari*i(‘d out 
by any nu'thod applieahk^ lo nil rolxm/.ene lo prodiux* aniliins Ikd 
of all the stages in flit' pi’oduetion of guaiacol, tlu' diazotisatioil and 
suhse(|uc‘nt Ireatnu'id of tlu^ anisidine iKs'd lh(‘ most car(‘ and atten- 
tion. Fsiudly, sim))l(‘ healing with water will li'anstoi'm a, dia/onium 
sail into I 1 k‘ c*orr('sponding phenol, hid oeea.siona lly a higher l(anp(‘ra- 
l ur(‘ is lU'ct'ssai'y . This is the ea.s(' with the diazolised anisidiiK*. 

So as to l)(‘ ahk' to head to t lu* riajuircal d(\gr(*e and at t h(' sanx' time 
protc'ct I lu' dia'/onium eonij)ound against si(k‘-r('ael ions, llx' solution 
in whicdi it is Ircaatcal eonsists of (10 j)(‘r e(ad . sulphuric acid saluratixl 
wit h sodium sulj)hal(‘. 

A still h(dt(‘r mc'lhod is to use* a eouecad rated solution of eop)pcu' 
sulphat(‘, sine(' eoj)j)er has a. eatalytie action in all t h(‘ rcaicdions of 
dia'/onium compounds. Tlu' (kdails of this lalttM* proec'ss will ht' 
found in Pai't II. (tlx' j)raetieal s(‘ction ol'tlu* book). 

Methylation of Catechol. -There* is an alternaiive to the* nudhod 
just ck'serilx'd in which anisidine* is the* inte*rme*diate*, whi(*h is the‘0- 
re*tically simple*!* and, inde*e‘el, w'e)ukl be* the* lirst le) ce)nie te) minel. 
This eonsists in uietlnjlaf 'Di^ catechol, guaiacol be*ing simply e*atcchol 
monomethyl ether. 
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To metli3iatc catechol is casj’-— too easy, in fact, hccansc Ihc l■(■a(•^ ii in 
goes too far and gives the dimethyl ether, rnalriih'. 

If the calculated proportions of cat(‘chol and incthylal iiig agent I'or 
monomethyiation are caused to react, the product aeliially lias Ihc 
coni 2 )osition ; 

Guaiacol 20 par Is 

Veratrole . . . , , . tri 

Catechol recovered .... to 

In consequence, attempts have been made to demcthylaf e vcral role, 
and several processes for doing .so have been [latenicd. !n .some, I he 
demethjdation is effected by caustic soda or by hydroehlorie or hydro 
bromic acid at a high tcmi^erature in an autoclave; in olhirs, the 
veratrole is treated with aluminium chloride. 

But here again an equilibrium mixture is formed and part, ol‘ the 
veratrole is completely demethylated to give catechol. This is the 
case, at any rate, if the patent siDecilications are (o be lielicvcd ; iml 
as these processes are actually used by certain mamifaeturers^ one 
must suppose that thej"' have sirecial skill and can make them 
practicable. 

As catechol could be made for little over 3.v. 6d. per kilo., its ti-ans- 
formation into guaiacol was always an interesting problem. 

This discussion of guaiacol may be brought to an end by a cnrsor\' 
survey of the methods for producing catechol, which a.rc a!s follows ; 

(i) The fusion of o-henzenedisulphonic acid with cansiie soihi 
This procedure is hardly feasible because the or//«i-di,sulphonic a,eid is 
not easily obtained, and, moreover, when fused wil h eaiislie soihi \ irhls 
a large proportion of resorcinol. 

( 11 ) Caustic soda fusion of phenolmono-, di- or trisulphoiiic acid. 

In the two latter cases there are formed eateehol mono- or disidphonie 

«'-e remoN-ed by I real luent Nvil I, 

The following is the way in which the cost of nianufo^^^^^^ 

by one of these methods may be reckoned : 


100 kg. carbolic acid 
270 „ ‘‘ oleum at OO" 

120 ,, sodium carbonab 
000 ,, caustic soda . 

1,;30() „ sulphuric acid (H.().\ 


SO, . 
(soda ash) 


1 1 '. 
100 

10 

100 


122 


The yield i,s 00 kg. eateehol, so Ihc eosi is T-IK! iV. per kihi, ' ,nid 
the nianufacturcr himself makes hi,^ 


considerably reduced. 


niw malia-iats, Ihi.s cun h 
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(iii) o-CMoroplienol, which is easily obtained by cliiorinating 
phenol, is heated with caustic soda. This pioeess is probably the 
most advantageous. According to DRP 269554, if 26 gm. o-chloro- 
phenol, i;iO c.c. 5N caustic soda, and a trace of copper sulphate be 
heated at 190°, the yield is 83% of that calculated by theory. 

The most important methods of preparing guaiacol have now been 
described. All etm he put to industrial use, but for our laboratory 
work we must choose the most eliaraeteristic, viz., those in which 
piienol and bromobenzene arc the primary matejials. A full de- 
scription of the first and of certain stages in tlu‘ second of these 
UK t hods will be found in Part II. 

JAenzene. 


Afitrobenxene Chlorohenzeitt APhenol 



Or 5 ,.^ 


Kt 




'.3 



CHAPTER 11 

GUAIACOL AND PHENACKTINE vouiinuvd 


Use and Derivatives of GuaiacoL — Gimiacol is an iin])()rta.nl. indus- 
trial product. It is used for making vanillin and is appliisl in 
medicine to the treatment of pulmonary consumption. 

Guaiacol occurs in considerable amount in crcosolc' (hardwood 
tar) mixed with other phenols, notably the methyl lioniologue, crcosol. 

The employment of guaiacol in medicine was preecHlcd by I hai o{‘ 
creosote, which seems to have been most widely used in Franct^ during 
the period 1885-89. The creosote was administered citlua* in cod- 
liver oil, or in wine, or more often in pills containing iodoform arid 
tolu-balsam. 

In 1887 the creosote treatment was spreading into Germany undtu- 
Sommerbrodt’s influence when MM. Behai and Choay suc(‘(‘'c(l(‘d in 
isolating guaiacol in a crystalline form for the first time. Since tlum 
guaiacol has largely replaced creosote, mainly because of its a,l)solutc 
purity and much less disagreeable smell, but, apparently, for no 
definite therapeutical reason. 

I The manner in which creosote and guaiacol act in (*nscs of consm no- 
tion is not known. It is not even known if ( lu^y any ac/ion al 
all. Certainly guaiacol is an antiseptic, but if caiinol b(‘ iniroduced 
' into the organism in quantities sunkud'ut to nii.s(‘ I Ik (•()ii(‘(‘nh';il ion in 
the blood and tissues to a degree hital to I ub(‘rciilosi,s j)a<*il]i. A/id, 
like all phenols, it is mostly eliminated as a siilplimic rs(< r, (hni is 
to say, in a form ])ossessing no autisc'pfic action. 

Moreover, many renowiu^d specialists on dis(‘as(‘s of (he ivspii-;il or\ 
tract deny, rightly or wrongly, that guaiacol has an\- ('HVel . In I heir 
opinion, the treatment of consunq)! ion should lx* almosl ( iilin h 
hygienic ; pure air, apjwopriate {li('t, physical and mental I rampiiHif w 
some phosphates and chalk, and a little cryogenine to combat Irxci' 
at night, such should be the consumpt i\(‘ pati(ait's regimen. 

All the same, the antise])tie action of guaiacol ought not to be 
quite negligible, upon digestive process(‘s in th(‘ stomach and inf(.,s 
tine at any rate. Possibly it aids s(‘crefion and (‘X[)eet orat ion to some 
J extent. In actual fact, the guaiacol treatnaait, if wisely <‘ont rolled, 

IS of proved value in the early stag(‘s of consumpt ion : Hh' patients 
feel generally livelier and liavc a healthier a])p(‘tit(‘. 

Derivatives of Guaiacol.— The irritating action ot' plumol on nuumus 
membranes is naturally also possessed })y guaiacol, and although its 
taste and odour are not very offensive, they cannot but annoy parent s 
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in time. Attempts have therefore been made to mask the one or thc^ 
other in various ways, all of which really come to the same thing, 
namely, esterification of the hydroxyl group. Another reason lor 
cstcrifying is that the guaiacol in that form will act only after it has 
reached the intestine. Endeavours have also been made to prepare^ 
soluble derivatives so as to facilitate application in pharjuacy.'"’ Sonu' 
of these derivatives of guaiacol, notably guaiacol carbonate and 
])otassium guaiacolsulphonate (Thiocol), are now commercially very 
important. These two compounds, particularly, are typical of th(‘ 
two classes just mentioned, but there is an abundance' of others, and 
it is interesting to glance over as many examples as ])ossib]c and so 
appreciate tlic ingenuity of the pharmaceutical manuractui*('rs. 

Of insoluble derivatives, guaiacol carbonate or JjHoial has tlu' 
rormula. ((Tr.3O'CbjH4*0)3CO and is ])repared by treating a solution oi‘ 
guaiacol in caustic soda with phosgene. Moiioial is guaiacol methyl- 
glycollatc: Cll30'C6n4-0<'^0-ClI.^0Cli3 Beiizosoils guaiacol bc'ii- 
/oat(' : CTTj 0 *C 6 ll 4 ' 0 -C 0 'C( 5 H 5 . Their formula' show how these 

latter are prepared. Other derivati\a‘s may be rnentioiu'd, such as 
Gcosoie or the valc'ric ester, the oleic esU'r and tlu' phosphite', (Jiuilaco- 
phosphal. 

Tiu' most important soluble derivatives an' Guaki^^cDiol and ThiovoL 
(hiaiasaiiol is dic'thylainiaoacetylguaiacol liydrochloridf' : 

c^.ir4(ocn3)0(X)(!n,N((vii5^^^^ 

hinhorn was tlu' lirsl to prt'pare I his ('ompomul, using a no\’('l met hod 
of n'ndc'i’ing organic medi(*ain('nl s soluble, 1)\^ which niaiiy aniiiio- 
d('ri\'at iv('s may lx* oblained. 

fidie pnx'ess is as i'ollows. (hiaiaeol is In'aled wilh ehloraect \’l 
ehloi’idc', or Ix'th'i* \vilh cliloraeel i(* acid in j)r('S(‘iic(‘ of pyridiiK' and 
phosj)horus trichloride : 

(dl, ()•(!, IlyOIl I CdIA1'b()(!l > (^ll.jO C^.IIyO lO CdL/'l I I 11 1. 

Tlu' chloroaccl y I dcri\ at i\(‘ ol' guaiacol is thus ronned and is i hen 
tia'ated, in I h<' cold, with di('l hy lamiiu' : 

( Il.jO-O.HyO'COCIIAl I Nll(ChIlp., 

0'//^/xV/,.sY/a/e/, as hydroc'hloridc soluble' in wah'r, is j)r(‘(‘i pd at < d as 
has(' from ils a(jU(‘<)Us solution by alkali carbonate's. It is not Ns ry 
poisonous, but is seldom used, probably Ix'C'ause ofifs high pi-i('('. 

Ari('r llu' carbonate, Thiocol is tlx' most wid('ly ('mployc'd deri\a- 
tivc'of giiaia(*ol. This is tlx' potassium salt of guaiacohc-sulphouic 
acid : 

/ ()( II3 (I) 

on (‘i) y 

dSOglv (.1) 
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It is prepared by treating guaiacol with its own weight of con- 
centrated sulphuric acid at temperatures below 80 . H tins t<nn- 
perature limit be passed, the ^>ara-isomeridc is produced. \\ hen t he 
reaction is complete the mixture is diluted with water and neiil ralised 
with barium carbonate. After being filtered tlie solution eonlaining 
barium guaiacolsulphonate is treated with potassium earlionale uni i 
no more precipitate is formed. It is again filtered and eoneeni rated 
by evaporation to get out the Tliiocol. 

Tliiocol is freely soluble in water. It is not (lec()nip()S(‘(l m Uu‘ 
organism and shows no appreciable antiseptic activity. '.I’heorel ieally 
it should not have the least efficacy, and yet then' are h'W inediea- 
I ments with so considerable a market. 


PHENACETINE 

The steps taken in preparing Phenacetim by one nu^ihod liav(‘ 
already been outlined. In brief, they are as follows : /MiilroplKnu- 
tole is made from j^-nitrophenol and reduced to phetudidine, which, 
acetylated, forms phenacetine. 

As in the case of guaiacol, we will review the various industrial 
methods of producing these various intermediates, but since deriva- 
tives of _p-nitrophenol may be obtained by reactions resembling tliosc 
which lead to the formation of the or//io-isomerides, our survey h(‘rc‘ 
need not be so detailed. 

NitrophenoL — ^^^-Nitraniline is heated with caustic soda solution ; 
the NHg group is replaced by OH and so j 9 -nitroph(‘nol is (brnu^d. 
2? Nitraniline is an industrial product, easily made' l)y iiitrating 
acetanilide and subjecting the acctylnitranilinc‘ so (brnu'd to hydro- 
lysis. 

Similarly, _p-c}iloro- and _^j-bromoniirohc‘n/A‘n(* an* coii vi'rh'd inlo 
nitrophenol when heated with caustic soda. 

Although when chlorobenzene is nitrated a inixturi' ol' I ho I wo 
isomerides, ortho- and para-, is formed, for the abov(‘ ])urpos(' it is 
not necessary to effect a separation at this stage. Ka(*h compound 
gives the corresponding nitrophenol wlicai treated with eauslie soda. 
The mixture can therefore be brought into reaction as such and (he 
two components isolated from the product vi'ry ('asily i)y shsim- 
distillation, as already described. 

;p-Nitrophenol may also be prepared from /Miilraniliiu' by anollaa- 
method, namely, via the diazonium compound. A solnl ion of IIk' 
nitraniline in dilute sulphuric acid is treated with sodium ni(rile 
and then boiled, nitrogen is evolved and the nitrophenol thrown 
down. 

Nitrophenetole. — The general methods employed for prc|)aring 
nitroanisoie serve also for nitrophenetole, but in this eas(‘ Uua’r* 
application is not so practicable. Thus, p-dinitrolxaizene and 
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^j-chloronitrobenzeiie react with sodium ethoxide to give nitro- 
phenetole : 

C! I I Na( )C2H 5 ■ ■ C + NaNO,(Cl). 

-N02(C1) \OC2H5 

]^ut a great excess of alcohol must be used or, e,g,, cliloronitrobenzene 
will give a coiisideralde amount of dichloroazoxybenzene. In this 
side-reaction sodiiun ethoxide plays the part of a reducing agent and 
is itsdl' oxidised to acetate : 

L>(h.n,,C1-NO. . ■ (!hCeIi4-N— N'C^H^CL 

\/ 

o 

Yet another interesting method of preparing nitrophenetolc has 
})een patented. Phenyl toluene -sulphonate, produced by treating 
phenol in alkaline solution with toluene-sulphonic chloride, is nitrated ; 
the nitro-group enters the j^ara- position in the phenyl radical and 
p-nitrophenyl toluenc-sulphonatc is obtained. This interacts with 
sodium ethoxide to give nitrophenetolc and sodium toluene -sul- 
phonate : 

C.lIjiOlL -I > (!,ll-OS().eC J-I4 CII, 

Na()(’ 2 H 5 N() 2 *C 6 ir 4 ’OC 2 n 5 

C!Il3CJl4SO,Nn. 

Plienetidine. — Pheiulidine may b(‘ obtained in other ways tlian by 
rediic*ing nit !‘oi)lH‘iielol(‘. Th(‘ altcnand i vc‘s are of Lwo kinds, viz. : 

(i) td hylation ot /;-amino])h(‘nol, or bdtea', of its aecdyl or bcar/yl- 
idc'iie (l(‘ri vat i\’e ; 

(ii) Kthylation, tollowed by reduetion, of ^^-hydroxyazobenzeiu' 
(or /;-hydroxy-//-ethoxyazobc‘nz(‘n(‘) obtaiiu'd by “ eou|)ling 
diazotis(‘d aniliiK' (or pluau'l idine) wit li pluaiol. 

Im)!' th(‘ lirst oF I !u‘se, /eaminoplK'iiol must Ix' piH'parc'd. 

y^-AmiiloplienoL -This annnoplM'iiol is l:irgel\' list'd in industry, and 
so t h(' prineipal ways oF making it will Ix' outlined, diu' simph's! 
method is to reduce y;-nit roplu'iiol, using sodium sulphide ; or tin or 
iron and hydroehlorie acid ; ziiur dusl and eaiisl ie soda ; hydrosulphitt ^ ; 
or Ft'rrous sulphalt' and ammonia. TIkux' is also Wislic't'ims s method 
of r(‘dnelion, now coming into considt'rahle us(‘, in which the aeti\ (‘ 
agt'iit is aluminium amalgam. 

To prej)a.r(‘ aluminium amalgam, aluminium borings are treaitxl 
with caustic soda, until hydrogen is briskly evolved ; they arc tlu'ii 
({uickly washed, immersed in a 5 |)er cent, solution ol mereurie 
chloride (corrosive sublimate) for a few minutes, again washed with 
water, then with alcohol and finally with ether. 

* ^ Tliroupjhout the book the incorrect ])ut well established iiaiiio sodiutih hydros ul'pJiile 

is iLsed instead of the orthodox sodium hyposulphite for the compound Na 2 S 204 . The 
latter name is rarely found in technical literature. — Tr. 
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Nitrophenol is reduced by this method as follows. Half it s weight 
of aluminium amalgam is added to a cold solution of tlu' eoin]Huin(l 
in 50 percent, alcohol. The mixture is stirred for an hour, liltcuH'd, 
and the filtrate evaporated to dryness in a current of carbon dioxide*. 

This procedure maybe recommended for anyunstahh* eonipound 
to be obtained by reduction in neutral solution. ' 

Aminophenol may also be produced directly from nitroh(‘nz(*ne l)\* 
tw^o methods, both in industrial use and both of considerable th<‘o~ 
retical interest. These are, namely, (1) electrolytic r(‘du(‘lion of 
nitrobenzene in strong sulphuric acid solution with j)Iatinum ('b'c- 
trodes, and (2) reduction by zinc and strong sulphuric acid. Here 
two unexpected reactions take place : the first ju’odnel, it appears, is 
phenylhydroxylamine, 


CJIcNOo 


CJI5NIIOII 


which then undergoes a rearrangement into |;-aniinophc'nol, 

\OH. 

Amhiophenol may also be obtained by oxidising sulpliaiiilic acid 
with manganese dioxide and sulphuric acid. 

- c,h/^h, 

\OII 


'SO 3 H 


+ 0 + H 3 O 


+ HoSO, 


Diazobenzene (sulphate) will couple with phenol in alkaline* solution 
giving quantitatively hydroxy azobenzene (benzcnc-azo-p]K*nol ) 
CgHs-No-SO^H + Cglig-OH CgH-'N : 1 II.SO, 

and when the product is reduced (by, e.g., sodium hydrosulphile) 
aminophenol is produced and aniline regenerati'd. 

Ml. 


bsHslS :I\'CgIl 4 'On d~ 2 H 2 — > Ch;llr/NJL I (hill 


on. 


, NH.CO.CH3 
NH,. 


. c JI. 


Finally, aeetyl-p-phenylenediamine may be diazol isod and I he 
diazo compound boiled with water to give acctyl-p-amiiioplK-nol : 

NH CO CII, JI NH.(!OClh, 

NNrN.SOJl '' ' ()H. 

pvepnvecC'' ^vays by whid. />aminoj,hc„o) may hr 

p-AminophenoI is a widely used product. Besides scr\in»' as an 
in ermechate in the manufacture of plicnacetine, if is emphn'cd 'i„ 
iur-dyeing to give brown shades and, imdcr the trade name, 
as a photographic developer. Two derivatives, nainclv n-livd|.„x\.’ 

Phenylglyeine, HO.CeH,.NH.CH3.COOH, known as h.l Hu' 

A-monomcth>d compound, CHj-NH.CeH^.OH, known'as J\/rM rr 
also used as photographic developers. 

^ Ferrous hydroxide is also an excellent reducing agent for ni(,ropl„„„,l. 
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Phenetidine. — When the hydroxyl group in _p-ami nophenol is 
c‘thylated, phenetidine results ; but ethylation cannot be directly 
applied to the free aminophenol because the amino-group also is 
attacked. This group, therefore, must first be protected. This may 
l)e done either by acetylation, or by condensation with benzaldehyde 
in weakly alkaline solution ; the latter reaction produces quantitative! 3^ 
benzylidene aminophenol : 

(a “ Scliiff's base 

OH 


This eoinpound is unaffected l^y weak alkali and may be ethylated 
l)y treatmcMit with eth^d bromide in alkaline alcoholic solution. The 
pro( 1 net, henzylidcne antinopheneiole. 


/N : CH C0II5 


\ocji 


by beinj>' simply wanned witli dilute liydrocliloric acid, is split uj) 
again, giving ])lK‘netidine and regenerating benzaldehyde ; 




N : C 1 I C« 1 I, 

oc.,ir,, 


I- liao 
> 


CJL/ 


/NH, 


\ocji, 


+ CeH5CHO. 


Tlu' last method on onr list is tlu^ most elegant of all, because, 
(‘xeept for a e(‘rtain amount of plienetidine whieli is kept in usc‘, 
th(‘ onl}/^ organic raw materials needed are phenol and (th^d 
bromid(\ 

Tlu' plu'iutidiiK', diss()Iv(‘d in dilnt(‘ sniphnrie aeid, is diazotised 
with sodium nitrite and added to a solution of pluuiol containing an 
(‘xeess of sodium carbonate. p-Kthoxy-p'-hydroxyazob(‘nz(aie {p~ 
plumc'tole-azo-phenol) is formed and is theti ethylated further by 
tr(‘atment ^vith (t hyl bromide, giving ddefho.vi/az()hetiZ(oi(A/)-n'Aop\\riw~ 
I <)!('), whi<‘h, wIk'u ri'dueed, yields (wo moU'ciilar projxiii ions of 
plienel i(hn(‘. OiK' of ( hes(‘ is acc'l ylali'd lo mak(‘ plu'iiaec't iiu' ; th(‘ 
olh(‘i- s<‘r\ (‘s again in lh(‘ evel<‘ of optasal ions : 




NIC ,, N NSO.Il 
^ (i'vr 


' OCJL, 





' Nil, 


N ('..llpOCblfr, 


- 1 i 
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This ‘‘ coupling ’’ of diazo-compounds with phenols is of outstiind- 
ing importance in the dyestuff industry. It is also of considc^rahh* 
theoretical interest. Two noteworthy rules hold : 

(1) Coupling only takes place when the ortho- or para- position lo 
the hydroxyl group is free ; 

(2) Coupling always takes place in the proposition unless it. 1)(‘ 
occupied ; otherwise, in the ortho-. 

Little need be said about the last stage, namely, acetylation, 'f h(‘ 
reaction takes place quantitatively when an aqueous suspetision of 
phenetidine is stirred with acetic anhydride, or when phenetidine and 
acetic acid are boiled together in a vessel so fitted that tlie wat(‘r j):ro- 
duced in the reaction may distil off. 
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ANTIPYRETICS 


Pharmacologists explain the effect of antipyretics on the tempera- 
ture of those suffci'ing from fever by saying that tlie heat-regulating 
centres arc acted upon. It cannot, however, be stated precisely 
where these centres arc nor liow the action takes place. 

When one speaks of the centres regulating animal heat, the under- 
lying idea is hardly of a localisation of the regulating function in an 
anatomical sense, but of a grouping of systems having the same 
effect. That such systems do exist is evident from the fact that 
Avarm-bloodcd animals (homoiothermic) keep at their own tempera- 
ture whatever be that of the surroundings, wliilst cold-blooded 
animals (poikilothermic) change in temperature witli tlieir environ- 
ment. Further, the temperature of warm-blooded animals may be 
altered artifieially, as will b(‘ sliown later, by operating on the parti- 
(‘ular arcai of tlie brain tliat controls the physiological mechanism of 
heat-rc'gulation. 

The ])iiysioIogy oj’ Mu' ('onsc'rval ion of animal heal is eompk^x and 
at j^resent that dc'aling wilh i h(‘ hlood va'sscls is Ihe most satisfac- 
torily (‘xplored ti(‘ld. The skin, with its rntwork ol’ capillary (‘anals. 
is an c'xcellent eonduclor of lusat, and so is xvvy s(‘nsili\'(‘ fo (‘old aii‘ 
outsid(‘ ; l)ut a, gcau'ral low(‘ring of t(‘mp(‘rature is s])t‘ediiy Iimit<‘d 
by a constriction of tlie surlaec‘ blood V(‘ssels that lake's ])la(*(‘ ail 
over the body and not nu'rel}^ in the parts subji'ctc'd lo (‘ooling. TIu* 
result is that k'ss ])lood circulates in lh(' surface' arc'as of tlu' laxly ; 
Ibat which n'lurns lo the hear! is nol so cold; and, as I h(' total 
amount in cii'cnlalion I'cmains 1 Ik' same, a larger projxsrtion passes 
through IIk' greate'r organs and t Ik* dig('sti\'(' tract ulier(' much h(‘at 
is being g(‘nerate(!. I'lius wilh IIk' blood alone as ag(‘nl, a fair 
('xplanalion may Ik' made of I h<' j)h<'nomenon of I (‘mpei'at ur<‘-e( piili- 
b!‘ium. Jhit IheiH' ar(' other I’aclors. hNU'inal cooling proxokes 
more' ae!i\'(‘ oxidation and more malcrial is burnt up in I lu' body 
as can b(' ('xpe'ritiK'iilall y shown by measuring llie carbon dioxide 
eliminal ed. And ind('('d ('x c'ryonc' knows I hat (*old W('ai lu'r ('ngx'mie'rs 
hung('r and hungi'r for food with t lu' iiighc'st caloritk* value, 

Tlu' inlhu'uce' of a hot atmos])lu'r(‘ is countc'racted ])y a contrar\' 
kind of nu'chaiusm : sweat eva})orates and cools th(‘ blood that 
ra])idly cir(*ulat('s at the surface of tlie body. 

Ill a normal individiud temperature regulation is controlled by tlx' 
iK'rvexis centres ; it is, to all appearances, localised in the mid-brain. 

If) 
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In patiioiogicai cases, infectious fevers, and so forth, it is suppose <1 
that the regulating centres are upset by toxic albuminoid substances 
generated by the protoplasm and the actual infectious agents. 

Experimentally, elevation of body temperature in animals niay be 
brought about by intravenous injection of albumin or bacteria, by 
thermal or electrical stimulation of certain parts of the brain, or, 
particularly in the dog and the rabbit, by puncture in the neighbour- 
hood of the corpus striatum, ^ 

Wood was the first to demonstrate that there are cerebral arenas 
specially devoted to thermo regulation. His conclusions have been 
confirmed by Eichet, Aronsohn and others. These investigators 
have shovm that an injury to the part of the forebrain adjacent to the 
corpus striatum, causes a sudden drop in temperature followed almost 
immediately by a pronounced rise of over 2°. This lesion may b(‘ 
carried out experimentally by a fine trocar, under the conditions 
described below, or by a special mode of cauterisation (Therniopunc- 
ture, Warmestich). It is outside the scope of this treatise to recount 
the controversies to which experiments on the thermo-regulating 
centres have given rise. Isenschmiedt's recent work dcanoiistratcs 
the great importance of the tuber cinereretmi, that is to say, of tlK‘ 
region near the pituitary body (hypophysis), but the sympatlictic 
system also plays a part, principally in thermal phenomena, of a, 
chemical nature, and it is now agreed that physical thermo-regulation 
is particularly under the influence of the cervical portion of tlu‘ spinal 
cord. Communication between the two systems seems to bt‘ (*arri(‘(l 
on by particular hormones. 

In the pharmacological study of antipyretics, tlu^ puncture^ near I lu' 
corpus striatum is a most important operation, and so a shorl (l(‘serip- 
tion will be given, taken from the most int('r(‘s(ing llu'sis of Saaeliis 
Banus {Contrihuciou at estudio de los Aiitippreticus, \'al(‘neia, n)I.s, 
p. 32). 

The rabbit is bound, its head being left free until it is a nu'sUud ised 
(by ether), then also firmly fixed. Its scalp is shaved and treat (‘d 
with iodine solution. The maintenance of perfectly antiseptic con- 
ditions is, indeed, absolutely essential. An incision is mad(‘ to the 
bone, starting from near the nostrils, a little in front of theeyc's, and 
continuing over to that occipital ju’otubcrance particularly jU'omiiuad, 
in the rabbit. The edges of the incision are retracted and tlu' surrae{' 
of the skull scraped with a periosteotomc until the sutures appear. I'h(‘ 
junction of the frontoparietal suture with that which (‘rossc's il, at 
right angles at the level of the ears should now be visible. In the area 
thus marked out and in the upper angle anterior to tlu' paricdal 
craniectomy is performed. An opening 6 mm. in diameter is big 
enough, the thickness of tlic bone here being about ] -5 mm. If tin* 


1 


The corpus striatum is a collection of nerve cells situated at the base of < Ik' (■('rf'bnini. 
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trcpn nat ion is carefully performed the surface of the dura-mater will 
1)(^ un(‘overecL 

The wound bleeds copiously, but hicmorrhage ceases when the first 
plug is ap[)Iic‘d ; if it be prolonged the technique has been faulty. 
'rh(‘ mauh/ tfes l)eing now visil)le, a sterilised needle is plunged into the 
middle' of the arc^a. The dura-mater offers some resistance, which 
must b(‘ earc'fuljy overcome so as not to penetrate too far into the 
brain. Thc^ lu'edle should not be held vertically but inclined a little 
lor ward so that it points backwards. It is to be inserted to a depth of 
5 Ic) (> mm. ami then ils point moved forwards so as to destroy a large 
('nough arc'a, of tli<‘ heat-regulating region. When the operation is 
com|)le(,(‘, the wound is stitched up. Amesthesia is now interrupted 
and Mu' animal kc‘])t at a temperature of 20°. 

TluTmopuncture, or puncture of the corpus sinatwm, is not the only 
way of bringing about artificially a state of fever. An equally satis- 
fa,(t:ory effect results from injecting sterile pre 2 )arations of certain 
ba(vt(Tial toxins. 

Thanks to these metliods, antipyretics may be studied experiment- \ 
ally, and tlu'y are particularly valuable because', curiously enough, 
lh(' (l(‘pr(‘ssion in Ic'inpt'ralure brought about in a normal individual 
by an injcelion ol‘ aii( ipyi’elie is hardly comparable* in intensity with 
t hat obscr'vcd in an animal in a, slab* of c'il her pathological or iirtifleial 
r<‘\'(‘r. 'I'lic (‘h'valion of body ((‘inperatiire in this eas(‘ causes, in fact, 
lh(‘ body lo lx* in much moix* unslabh* (•(piilibrium than in a nornial 
subjeekand disl urbaiH'cs aix* (*asily produced, some*! imc's by quite 
small doses of ant ipyi'cl i(*. 

'rims, and I his is (Ik* lael (o rc'inemlx'i*, afifij)/prfi('s act roi.ih mucli. 
mor<’ ('Jjcct wIk'II I Ik* subi(*c( is lu a state of fever otcitlK*!* cxp(*rimc*nlal 
or inrcelions origin, (han wh(*n Ik* or it is in a normal c*()n(lil ion. 

In brii'f, I Ill'll, w(* may say t hat aid ipyrcl ics a(*l on tlK‘exeil(*d h(*at- 
rcgnlaling <*<‘iili'('s and rc'gularisi* IlK'ir acli\’i(y. 

( )|K‘ of ! li(* ways in which I lK*ir com plical (*(l aclioii is cffcci ('d is t Ik* 
dilal a! ion of 1 Ik* siirtaci' blood -xesse Is so I hal more blood is cooled as 
it circulalcs. A( I Ik* same linn* 1 hey acl on I he sensory and \’as()- 
mol or cel d res of I Ik* brain and cause narcosis and analge sia. 

yVclually all knoNvn aid ipyrcl i(*s do acl lo some* (‘xle'id as analg(*sic‘s 
and narcolics. With some*, such as lAietopJicuiu and i^hcuacetiucf 
hypnolic a,(*lion is very maikcd; wilh olh(*rs, such as ('rfp)i!<'hiu, 
aid ipyrcl ic a(*lion aloiu* stands out, almost masking the* ol lu'V cffc'cls. 

\'(‘t I Ik* Ihre'c physiological pr()jH*rti(*s an* not iiulissoln})ly (‘omu'ctcd ; 
change's in e*lK*mical (‘oiisl il ntion can make* one* pr()])e'rty j)r('donunant 
and ^v('ake*n Hr* others, as se've'ral oftlK* following (*xainplcs will show. 

.1/1 iuterestlup problem for phaniiacologij is t/uit of 'passi}ig from a 'pure 
autlpprelic to a pure narcotic by prifpres.'^ive viodijicatious in chemical 
constltutiou. 

The addition of a tormina! e in itio-e trade names seems to depend on whether 
fir no an attempt has been made to anglicise the name. — Tr. 

M. 
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That which precedes aiais at making .men' ia((‘!ligible oim' ol I he 
objects of this chapter, wliichis, namely, an inquiry into tiu* eftc(*l: ol' 
alterations in chemical composition on antipyretic activit y. W(‘ shall 
also want to know in what classes of chemical com])oiincls anti py relics 
are to be found, which radicals are the active ones, and how tlu‘ sub- 
stances are made. These questions will now b(‘ answ(‘r(‘d. 

It toiU be seen at once that antipyretics belong to the aroinatle (c//c//V} 
series^ and so stand in sharp contrast with most hypnotics. This (hx's 
not mean that compounds possessing analgesic and antipyndic* pi'o 
perties are never to be met with in the aliphatic s(‘ri(‘s ; (!url ins has 
stated, for example, that pyrazolones containing no laai/x^noid nueltms 
depress the body temperature as readily as Anti))yrin(‘, and, nior('o\'er, 
several aliphatic amino-alcohol derivativTs are known which ael in 
the same way (Fourneau). Nevertheless, no marketabh^ compel iloi* 
with Antipyrine, Phenacetine and Aspirin, tlie thr(‘(‘ great pro- 
tagonists ” of antipyretic action, has yet been Idund in tlu* aliphatic 
series, and, indeed, Filehne has shown that even among pyra'/oloinvs 
activity is feeble unless there be an aromatic nucleus in th(‘ mohxmha 
The aromatic nucleus may therefore be considc'red to ha \X‘ a. specilic 
influence, and, in a general way, it may be stated that all Oiddisahh' 
benzene derivatives, and their easily hydrolysed compounds, are a.nli py 
reties to some extent. The maximum activity is shown by sucli com 
pounds as produce ^-aminophenolm their passage through tlu^ orga n isi i \ , 
A second observation may be made, viz., antipyretics ha\^e a. (com- 
paratively simple basis : aniline, phenylhydrazine, plieiu)!, aniino- 
phenoL There are certainly some, for example, Salo^Aien, with 
fairly big molecules, but such as these are rapidly hydrolyscrl by th(‘ 
organism, and on tliis hydrolysis their activity dc'pciids. 

The two primary compounds from whicJi all ani ipyr(‘l ics a,r(‘ dcs’ivcd 
are aniline and phenol. From aniline originab' plu^nylJ)) (Ini/iiu^ 
quinoline, hydroqiiinoline ; from phenol salicylic acid ; and I'rom holli 
aniline and phenol the aminophenols and the hydroxy-cpiinoliiu's. 

By simj^le methods of treatment these substances yield the nnli- 
pyretics that are now well established and many others thaf haxx* 
Iiad but a brief career. Aniline gives acetanilide*; phenylhydra/nu*, 
Antipijrine, Pyramidon and Cryogenin. From p-amin()])lK'noi 
Phenacetine is produced; from phenol itself, ylntodyncy and from 
salicylic acid, Aspirin. These relationsliips are sliowii in (lu* follow- 
ing table : 


Aniline 

Benzene ^ 


i Acetanilide or 
^ Phenylhydrazine 


. Intifctrrinc 
( 'ryogcii i}i 
Aiiti pyrinc 
Pyramidon 


I / j^-Aminophenol 

Phenol : Salicylic Acid 

Phenyl ether of glycerine . 


Phenacetine 

Aspirin 

Antod'ipie 
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<Pdi2)y‘nhi\ As^nrin and Phenacetine always stand supreme in prae- 
li<'al importance. Then follow Pyrmmdo% Lactophenin and Cri/o- 
ifrnin ; the latter is a more recent production, it is the nearest 
ap|)roxiniation to a, pure antipyretic and is becoming more and more 
im|)ortant therap(‘utically b(‘cause of the mildness and duration of its 
action. 

It should be noted that the first member of a series of compounds 
to be put on the market has nearly always held the field later. Yet 
evidently it is not simply that the best product is that which was 
discovered first. The event depends on many other factors : skill 
acquired in manufacture, selling price and advertisement, all play a 
part. And so it often happens that far greater efforts must be made 
to displace a known product by another of the same family than to 1 
put out a new one of a hitherto unexploited series. * 

Such considerations as these have not discouraged chemists and 
pharmacologists from ifianning and, with the help of the great 
chemical manufacturing firms, making and marketing many deriva- 
tives of the better known products, but usually their efforts have been 
in vain. Another reason for the failure to replace the old product by 
(he new li(‘s in this, that the claims of those who will profit by the 
r(‘plac(‘m(a\i iwe so often (‘xaggerated. 

VVe might, th(‘rcfor(‘, content onrselv(‘s with studying simply the 
(hre(' ehi(‘r mil ipyreties, but, for th(‘ reasons given abo\T‘, it is more' 
us('l‘nl and inl(‘resling to n'view tlu‘ gr(‘at(‘st p()ssil)le number of such 
eoinponnds, or, at any r;it(‘, those' which have actually hc'cn in thera,- 
j)enl ie use (‘ven if only for a short tinu‘. Ka(*h product has its \'irtuesj 
and ils failings : (h(‘ virtue's lu'ljX'd to justify its inve'iitor’s liope's ; ' 

(h(' lailings will show us what should b(‘ avoided. Doubtless, having 
eolh'clc'd log('t lu'r ite'ins of information in this wa,y> one' may some' time' 

!)(' ahh' lo lay down e'xact hiws in Hu'rapeutics. 

Our re'vie'W eif ee)mpe)unels propeise'el or actually ntilise'el as anti- 
pyri'lies may well be'gin wit h de'rivalive'S of aniline'. 

Antipyretics derived from Aniline, — Aniline' itsc'lf a.('ts on l lu' ' 
ne'rve)us sysle'in, e-ausing a. fall in boely temperature' (e)lle)We'(l by ^ 
nai'e*e)sis. 1 1 e'anne)l, be' use'd I h('raj)e‘ntically because' it is ve'ry 1e)xie‘ 
and lias a ele'hnile' aclie)n ein tlu' re'd corpuscle's e)f llu? hloexl. 

Wile'll it is j)re'se‘nl, lueiHe)globin forms with eixygc'ii meLha'nie>globin, 
a e'e)m pound loo stable to serve in tissue' res])iratie)n. The fatal elose 
(one I hat will kill rapidly) of aniline is ()*()05 gm. pe'i* kilo, of body 
we 'i gill . 

Snbsl il ulion in llx' aniine)-grouj) brings about a considerable 
ele'e'rease' in teixieity. Ae'e'tanilide- -Antifebriiic — beliaves like aniline, 
hut in a. much niilek'r fashion. Its activity partly depends on hydro- 
lysis into aniline and acetic acid, but unless very large doses are 
administered enougli aniline to cause serious results is not liberated. 
Moreover, the stability of acetanilide has another important conse- 

2—2 
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quence in that whilst passing through the organism some of tlm 
compound suffers nuclear oxidation to ^j-acetyl-ammophcuol, winch 
is much less toxic than aniline. Besides ^.-acctyl-aminophcnol, hyc 
aminophenol and oxycarbanil (benzoxazoloue) arc i)ro(liiccd. J he 
latter is formed by oxidation of the acetyl group as well as ol Mm 
nucleus, 

CsHs-NHCO-CHs — ^----> HOC,li4-NH-C<)-Cli, 



X 


/x/^v 


I j ^'C-OII ^or C 




/ 


0 


^NH' 


0 


+ cOo I-’ 2jr,() 



jp-Aminophenol and oxycarbanil arc eventually (‘liniinai(‘(l in 
combination with glycuronic or sulphuric acid. 

Acetanilide was the first great success of synthetic elu^nueal 
industry in the medical field. Attempts have been made to r(‘pla<’<‘ 
the acetyl group by other radicals, but no advantage has bccai gained. 
Formanilide, for instance, CeHg-NH-CHO, being readily liy(lrolys<‘(l 
in the organism, is very toxic. On the other hand, the a-nili(l(‘s of 
higher homologues of acetic acid are less soluble than aceta nilide, and 
consequently both less toxic and less active. In fact, tlirouglioul ih<' 
series, antipyretic activity and toxicity arc^ proportional to oik* 
another. 

In this case the most valuable medicament was hit upon a I ( he 
first attempt. 

The three isomeric acetotoluidides do not all behave like acet anilide 
in the organism. The ortho- derivative certainly undc'rgors a similar 


change, giving CHg-CglTgC^^^C-OH, but 


has no in(luen(‘(‘ on IIk- 


body temperature; neither has the para- eompound, allhongh d 
suffers oxidation to p-acetylaminophenol. Tlu* rneta- isomeridf*, on 
the other hand, has a well-marked effect on tla* (('iup(*raliir<‘, Iml, 
nevertheless, is oxidised in a different way, aectyhiminolK'nzoie acid 
being formed. Here it is difficult to trace; a (‘omu'clion h(‘t,\V(‘(‘n 
antipyretic action and chemical constitution. 

Another class of aniline derivatives contains a iV(H* a,ei(lie group, 
as is present, for instance, in phenylglycocoll, or ph(*nygly( ine, 
CgHg-NH-CHg-COgH. This compound is prepared by treat ing aniliiu' 
with chloracetic acid. It is an important intermediate; in synthetic 
indigo manufacture. All derivatives of this kind are, however, 
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inactive. One may indeed, state, as a general rule that the introduc- 
tion of an acidic group into a molecule renders the compound less 
toxic and completely alters its physiological properties. This is well 
shown ])y another example, namely, Cosaprin, sodium acetylsul- 

X 4 

|)ha,nilatc, €H.j*C0*NH-C<5H4*S03Na, which has no antipyretic acti- 
vity, and was soon abandoned. 

The urethanes form a special class of amine derivatives. They arc 
siil)stitutcd alkyl carbamates. The compound represented by the 
Ibrxmila : Nir2‘CO-OC2nr, i^^ ethyl urethane or, simply, urethane. 
The phenyl (k'rivative of this, C6ll5-NH*CO*OC2H5, is known as 
KivphAyrhie. This product is only slightly toxic, and is as useful a 
r(‘brifiige as acetanilide, but, like Rmlgwe, C6H5*N(CH3)CO*CH3, 
which also was in vogue for a time, it has been displaced by Phe- 
)iacetine, to which we will now turn. But, having referred to Exalgine, 
it may be noted in passing that this methylation of the amino group 
i n acetanilide produces a more poisonous compound. The surprisingly 
deleterious effect of simple methylation of amino groups will be 
observed again later in our study of the arsenic compounds used in 
I herapcmtics. 

That aniliiH* and its (k'rivativcs are, to a great extent, oxidised to 
aminoplu'nols during their passage through the organism has already 
l)c(‘n point (‘(I out ; t lu'y art' in this w^ay convcu lcal into compounds 
j)()ss(‘ssing similar anti])yr(‘tic pro])erti(‘s but a ixuicli wcaiker toxic 
action, (^onsichu'al ions such as t hcs(‘, liow(‘V(‘r, did not l(‘ad to th(‘ 
(liscov('ry ol“ Phenacetine. This was tlu* rc'sult of luaisoning ol‘ a, much 
mo!-(‘ jU'aetieal kind, and its history makes curious naiding. 

In IS<S7, short ly aftc'r the tlKTapcmfic properti(‘S of acetanilide had 
))C(‘n disc()vcT(‘d, ])uisl)crg, then dirc'ctor of research to tlic* Farbwerke 
\'orm. F. Bayer S: Co., Elbcrfeld, and his assistant, Ilinslxu'g, con- 
(■eiv(‘d tlie notion of making a pharmaceutical product from about 
;}<) tons of />-nit roj)lunol whi(‘li had accumulated in the* works store's 
as a usok'ss by-product of t h(‘ manulaei iire' of dianisidiiK'. yx-Amino- 
plK'Ool, although h'ss toxic than aniliiu', had lU'vert hek'ss a markc'd 
action on th(' blood. Aectylaminojdu'nol should, l)y analogy with 
a('('tanili(k‘, b(' a step in t lu' right direction ; this also, how('VC'r, actc'd 
uj)on th(‘ r('d (‘or{)Uscl('s and so could not ])c used. Evx'ivtually it was 
found that ('thylation of the hydroxyl grou}) ga,v(' the desired result. 
.Vh't hoxyac('t anilide already is an improve'nu'ut, on t he free' ])henol ; 
it, has hardly any ('ffeet on the blood, and is more' ae*tive' as an anti- 
pyre'l ie* a nd as a, nare*otic ; but the therapeutic value of the ed liyl ether 
is muedi gre'ale'r ; it is superien’ to the le)wcr homedogue as an anti- \ 
pyre't ie*, nare'otie, and analgesic, and is still less poisonous. 

Thus a epiite she)rt investigation k'el Duisberg anel Hinsl)erg inte) 
eliscovcring PJienacethie and laying the foundations e)f an import<ant 
branch of inelustry. 
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A number of variations on the phenacetine theme may now pass 
under review. Phenacetine is a simple derivative of an aminophenol ; 
its parent contains two atomic groupings, both eminently adaptable for 
substitution, so it can well be imagined that a vast number of deriva- 
tives were made and investigated under the stimulus provided by 
the success of Phenacetine and Antipyrine. Yet of tlic* many pro- 
ducts of this great effort there arc now only two survivors, namely, 
Lactophenin and Salophen : all the others are (‘ither idrgol hai or 
neglected. 

Nevertheless, two of tlie failures, Fhenocoll and Dvlchi, ar(‘ worl hy 
of a brief reference : the first because it appears to liav<‘ a. similar 
specific action to that of quinine on the microorganisms ri‘sponsil)l(‘ 
for infectious fevers, and its antis(‘j)tie j)rop(‘rti('s may j)rovi(l(‘ a 
starting point for further research ; tlK‘ second Invause it is r('marl<- 
ably sweet to the taste. 

As happened with the aniline derivative's, r('])lae('m('nl of I lu' acet yl 
radical in phenacetine by that of an acid lowi'r or higlu'r in IIh' sci'i('s 
has not produced substances of any grc'at intc'rc'sl. 'I'lic formyl 
derivative is quite different from phenacc'tiiU' and is only lecbly 
antipyretic, but it has a depressive influence on th(‘ a(‘(ivi(ies of (Ik' 
spinal cord which makes it the best ‘‘ antagonist " for slryehnine. 

Derivatives of hydroxy-acids are, on the other hand, more valuable. 
Lactylphenetidine or Lactophenin is, after Phenaei'tiiu', (he most 
widely used medicament in this group. Jleeause of its free' hydroxv 
group it is more soluble in water than phc'naei'tiiK'. It is a, weakei' 
antipyretic, but acts more strongly as an analg(‘sie and hypnotie. 
Further, its action is more speedy as a, result of its b('ing easily hydro 
lysed, for a readiness to undergo hydrolysis is eharaelerisi ie of all 
derivatives of the hydroxy acids, ft is pn'pan'd hy healing pia'ic'l i 
dine lactate at 170-180"', or by digc'sting logellK'r phenelidim' and 
lactic ester. 

If glyceric acid, containing two hydroxyl groupings, b(' used instead 
of lactic acid, the product obtained shows no aniipyn'tie aeli\ il y. 

Apolysin, the citryl derivative : 

CH2CO2H 

i:(0H)C02H 


CH,CONHCoIl,()C:,Ii:, 

contains two free carboxyl groups and has liardly any acl ion. 
Salicylphenetidine : 

\OH 

(not to be confused with Salophen) has also been prepared. It lias 
no action, since it is not hydrolysed in passing through the organism. 
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After the amides come the urethanes, derivatives of ethyl carbamate. 
Thennodiii is an aectylated urethane of the constitution : 

C2H50C6ll4N(C0CH3)C02C,H5, 

It. is st ill in use ; no dangerous symptoms follow its administration. 

VV(i will nc'xt review various attempts made to produce more 
soluble analogues of phenacetine. The usual procedure has been 
followed, namely, introduction of acidic or basic groupings, or the 
radical of glycoeoll, and so forth. 

Two kinds of glycoeoll derivative have been prepared : phenetyl- 
glyeoeoll, C^nsO C^TI^NHCIIa-COJI, is a representative of the first 
(lass. This has no physiological action. Aminoacctyl])henetidine, 
C2Hr,0-C(5ll4*NJI-C0<tri2NH2, Phenocoll, is typical of tlie second 
(lass. It has already been mentioned, and is a useful drug. It may 
be administerc'd eitlier as Iree base or as a salt ; in the latter ease, its 
action is more rapid than that of phenacetine. The salicylate oi‘ 
Phenocoll is Salocoll. 

Ihilcin is j?-ethoxyph enylurea : C 2 H 50 *C 6 H 4 *Nl-l‘C 0 'Nn 2 . It is 
250 times sweeter than sugar, and has only been used as a substitute 
for Sa(‘charin. 

Many other (dTorts have been made to produce useful derivative's 
of ph('iul i(lin(‘, [)artieularly by treating it with aldcliydes, but nothing 
of praelieal importance' has ('iisiu'd. Tlu' same can be said for th<‘ 
alte'tnpls made' le) re'])Iae*e‘ the' plu'iielie hyelroge'ii in the aminophenol 
by raelie'als e)l he'i* I han e'thyl. Ne'il Ik'P ae'e'l ylanisieline', nor j;-aniyl()xy- / 
ae'('laniliele', ne)r /;-pre)pyl()xyae'e‘( anilielc' is e)f any x alne*. 

(x)nit(' re'e'e'iilly, ele'ri\'al i ve'S e)l‘ glye*e)l e)rijK' type' H-NIl-CTP (dr 2 ( >11 
lia\'(‘ Ix'e'H j)ate'nle‘el, but the' re'sull s e)r e'linieal in ve‘stigatie)n ha\'e ye'l 
to I )(' ree'e)rele'el. 

I'o all the' abe)ve' e'ase's the' l*olle)wing rule's aj)ply : 

(i) 'Fhe' me'lhyl ele'ri \’al i vc's are' the' me)re' le)xie‘ ; the' e'thyl ele'i'iwo^ 

I i\ e‘s t he' me)re' nare*e)l ie*. 

(li) In a he)ine)le)gons se'rie's ae't i\'i t y ele'e'i'e'ase's as nie)le'e'nlar we'iglit 
I ne'i'e'ascs. 

llie i'e' ha\ e* alse) he-e-n pre'pare et a numbe-r e)!' e'st e-rs e)ry;-ainine)phe'nol, 
base-el em ae'e l \'lanii ne)j)lie'nyl be'nze)ate‘ as a type', llie* e)nly e)ne' e)!' 
t lu'se' still in pha I'lnae'e'ut ie*al use' is SdlopJi.CH, the' salie*\’lie' e'ste'i* e)!' 
ae'e‘tylamine)phe'ne)l : (VIl 4 (()n)T :()2 (y IpNir'CtXMI.j. ' This e'e)ni- 

j)e)nnel is alse) a sale)l, ae*('tyla,mine)saIol in fael, anel, as a ele'ri\'ati\a' e>f 
salie'ylie* ae'iel, will be' slnelie'el late'i*. 

In bringing t he' eliseussie)n e)! ainine>j)h('ne)ls te) an enei, the' fe)lle)wing 
re'inarks may be' made' : 

(i) The' or/hi)- anel virfa- isenne'ileles arc me)re toxic than the para-. 

(ii) Ame)ng aminoplu'nelic compounds, only those which produce 
y;-a.min()ph('ne)l e)r its simple' derivatives in passing through the' 
e)rganisin have' any an1i])yretic activity. 

(iii) The' abse)rptie)n e)f a.Titipyredies of the' aminophe'ue)! se'rie'S is 
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always followed by the appearance in the urmc ot sti .stiinces 
the indophenol reaction. The test is carried out in this way. o n 
sample of the urine are added a few drops oi sodium m ril e si.iu ton 
Mowed by a few drops of hydrochloric acid ; tlu' Ireal ed urine is 1 lien 
mixed with a dilute alkaline solution of /i-naphi hoj. An ml r<‘(l 
coloration is produced which changes to bliie-vioh'i wli(‘n nioiv n(*nl 
is added. If, after administering a derivative of /^aimix^phenoi, t hv 
test gives a negative result, one may generally eonehi(l<‘ that llie 
substance under investigation is not an antipyn^l ie. 

Aminophenols may be regarded as ibrrning a, class inltaantMlialt' 
bet^'^een the amines and phenol itself, hor that ns-i.son ti»e sfiid}' ol 
the latter compound and its derivatives has b(‘t‘n (I(‘l(‘rrt‘d. 

Derivatives of Phenol. — The only derivalivc' oi phenol, b'aA'ing 
salicylic acid out of the reckoning, that has be(‘n us(al ini ii(‘ra|)eiif ies is 
the glycerol ether Aniodyne, CgH 50 -CH 2 *ClI( 01 I)’(-nA)n. i his is 
an antipyretic with a well-marked analgesic and hypnolie ael ion ; il 
is soluble in water and has hardly any poisonous pro] xa*! i('s, 1 1 is I oo 
early yet to judge, but as this is a simple eomponnd and bnsaks n<‘w 
ground for antipyretics, it is i^ossiblc tliat ns(‘fiil derivali\'e.s will be 
made. Already one German firm has patented thc' nrel haiK* of ph<'n\'l- 
glyceryl ether and the urethane of the corresponding glycol <*! her ; 
CeH 50 CH 2 CH( 0 H)Cn 20 CONIl 2 
CeH 50 -CH 2 CH 20 C 0 NH 2 , 

and another has protected acetylamino-antodyne, and no douhl 1 Ix'sc 
will shortly appear on the market. 

Derivatives of Pyrazolone. — When aniline dissohxsl in dihiU^ ininrra l 
acid is treated with sodium nitrite, diazoben/x‘nc‘ is {)rodue('(h and 
when diazobenzene is reduced it is converted iido ph('nylhydrazin<‘ 
(Emil Fischer, 1S75). 

Phenylhydrazine is a violent poison acting on tlu* red blood cor- 
puscles even more vigorously than aniline. Every at leuipl, made lo 
render it less toxic has failed. 

When phenylhydrazine is heated with acctoacetic ester, plumy 1- 
methylpyrazolone (I.) is formed, and subsequent methylation pro- 
duces phenyldimethylpyrazolone (II.), the trade name of which is 
Aniipyrme : — 




NH 


H 


QHjN — NH CR-N~N 


iOH ' 

1 ■■)- 

C;Hp-iCO-CH=C-CH3 CO X-CH, 

XH 


■cii, 


CO C-CH3 
CH 


I. 


II. 
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These compounds are derivatives of pyrazole : 


NH N 


CH 



CH 


Wc will considcM' in detail the preparation of Antipyrine and its 
(l(‘rivatives in tli(‘ next chapter, and for the present confine our atten- 
tion to th(ir application in therapeutics. 

At first a,ntipyrinc was tliou^^ht to be a pure antipyretic, and several 
ycairs (‘lapsed before Germain See and Gley discovered that actually 
it had marvellous analgesic propeu-ties. This made it a signal success. 
Consecpiently, also, it received in France the name Analgesine. 

Ext(‘nsiv(‘ })]iarma.c()dynainical investigations liave l)een carried out 
on anti])yrine a.nd its derivatives and on ])yrazo]ones in general, with 
results that cannot be studied here in detail for lack of space. They 
givci no satisfactory explanation of the varying action of different 
mem])ers of the group. Indeed, the ])reeisc chemical formulation of 
a,nl i])yrin(‘ and its isonurides and derivatives is still a mattcT of con- 
l rover’sy. 

No ollu'r (h'l’ival ives of antipyrine but Pifraviidoii, Salipjjnn and 
Mduhriii hav(‘ ('stahlislurl th(‘ms(iv(‘s in th(‘rap(‘utieal user Pyra- 
ni’ulon or Aviidopiirhi is dime! hylaminoani ijwriiu^, and is ])r('])ar(‘d by 
nu'lhylaling aminoaid ipyriiu*. If is bol h more' aciivc^ and more 
lo\i(* I han anl ipyrine ils(il'. Jls formula, is : 




-NCH 


CO ^C-CH 


3 


3 




Mcliihriii is sodium mninomit ipyi’inc-mcl han(‘-sulphonnl('. It is 
readily solu))l(‘ in wnlcr. 

A lew ivmiarks may Ix' irnnh' here on the pheiiylsemicarbazides, of 
which two n'prcscnlal i\(‘s are used in I h('rap(ai( ies. Th('S(' ar(‘ 
Prifogcn'm and Mdrcfin. 

('r/jogniin is yy/dxaizamidosemiearba/ade ^ : 

/coNiian 

\NJi'-NTi-c:()Njr..(;{). 

Maviihi is 7//,-lolysemiearha'/id(‘ : 

'\NIINlbCONlU(a). 

' is (l(\scri))(Ml ns ItenzaTnidoKcaniciirtazitts’lail a new analysis (l^'oiinioau, 

prir. ronini.) prova'K that, it is only {>lH‘a vl<(‘iuieiirt»a'/,i(lo, ( y N H *N H -OoNHo. 
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Cryogenin (Lumi^re) is an excellent product ; its antipyretic action 
manifests itself slowly, endures for a considerable time, and has no 
objectionable accessory effects. 

Maretin has no therapeutical value ; its use has resulted in many 
mishaps. 

All the medicaments discussed hitherto have nich'd on Ww freer- 
symptoms. Quinine and salicylic acid, on tlie otlui’ limid, lwiv(‘ a 
further action on the actual agents responsible for ceninin disi'ascs. 
Quinine is a specific for malaria, and salicylic nc'id For aeulc 
matism. 

QUININE 

More than fifty years ago the action of quiiiiiu' on ihe paraiiKccia 
in an infusion of hay was observed. Tb(‘ organisms wre killed iinna*- 
diately by a 1 in 400 solution and ceased to niov(‘ ev^cai in a. dilnl ion of 
1 in 2,000.^ But onl};- since the celebrated diseoviay by La\'(‘ran in 
1880 has the influence of quinine on the microorganism of malaria 
been systematically investigated. 

The latest researches indicate that quinine has (he sinielun* 
represented below : 



It is an aminoalcohol, containing both a ([uinoliiu' rachVal and 
another of a special type whicli may b(‘ reganhal as a fusion of ( wo 
piperidine nuclei. It contains a medhoxy group in (h(‘ (|uinolin(' half 
of the molecule : the phenol of which quinine is Ihr mel hyl (4h(‘r is 
known as cupreine. 

In the quinine series chemotherapcutical invesligalion can l)e, and 
has been, carried out in two ways. First, one may start with (piininc 
itself and attempt to improve its properties by familiar nadhods, or, 
secondly, one may begin with quinoline and try to mab' moro (‘ITec' 
tive compounds by successive introduction of substifiKml groups. 

Before the organism causing malaria was known, mueirallcnl ion 
was directed towards preparing quinine derivative's which shonhl Ix' 
more conveniently administered through being citlu'f h'ss bil fer oi- 
more soliilile. Greater solubility was achic'ved by using othe'r sails 
than the sulphate, for instance, the hydrochloride* in presc'iKr of un- 
thane, or better the formate, which is indeed still in considc'ra bh' use 
in France. Tastelessness results when the quinine is so combined I hat 
the product is insoluble in water. Quinine base itself is W'ry sparingly 

1 Bioch.Z,]'. mrL 11'/, sw., I8(i7, lUO. 
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solnj)le and almost tasteless and can therefore be quite satisfactorily 
eni])loyed. Jkit the most widely used product has been Euquinine, 
or (jiiiniiu‘ alJiyl carbonate. This is prepared by treating quinine 
with a, benz(‘n(‘ solution of ethyl chloroformate ; the hydrochloride 
of Ku(piinin(‘ b(‘ing fornu'd frojii which the base is set free by means 
of ammonia,. Euquiniiu^ l)a,se is quite tasteless, but its salts are 
very bilvlxa*. 

ArlsU)qiiiiiiiii\ or (piininc' carbonate, obtained by treating quinine 
with ])Iiosg<me, has similar properties. 

As y(‘t tlu‘r(‘ is only one derivative of quinine which is at onc(‘ 
solubl(^ in water, neutral and tasteless. This is the sodium salt of the 
bcnzarsinic* acid derivative, Arsenolenzoylqidnine (Oechslin) 

/AsO^NaH 
\CO — Quinine. 

Since chemotherapeutieal methods became more precise, quinine^ 
has been investigated from another point of view, the object here 
Ixang to strengthen its antiseptic properties so that it shall act not 
only on malaria microbes but on others against wliich tlierapeutics 
has at pr(‘S(mt lailcxl. Morgenrotlrs efforts in this direction some 
y(‘ars ago h'd to I h(' maniii'aeturc of Optochiii {O'ptoqidnwe^ = ethyl- 
hydroeupn^iiu'). Alrc'ady (himaux had prcpanal homologues oF 
(|iiiniiH‘ (wilh I h(‘ methyl group r(‘])laeed l)y (‘thyl and propyl), and 
Found dial I h('y W(‘re much mor(‘ active than (piinim' its(‘lF, but 
iml'oiM uiial ely For (l(‘\'(‘lopm(‘n( along this limg eupnaiu', the ])ar(Mit 
plnmol, 1 ‘arely occurs naturally ami (*a,nnot b(/ ma(l(‘ by simply d(‘- 
m<‘l hylat iug ([uiniiug Ix'causc th(‘ ])rodu(*t oF that naiction. it appc'ars, 
is not cn|)r<‘in(\ hut an isonua-idc', ajaxpiiniiKs 

\\1i(‘n (piiniiK' is r(‘(lu(*(‘(l, hydrogem is talo'n up at th(‘ donbh^ bond 
and hy(lro([niniiu‘ is produecal. I'his dcat vat iv(‘, lik(‘ (piiniiu^ its(*IF, 
readily snltcrs dciiat hylation wlum lusatx'd at I5() ’ with 20'/') hydro- 
chloric acid, hill h('r(‘ isonua'isnl ion docs not tnk(‘ pla(*c and th(' 
produci is hydi'ocnprcinc. Wtum hydrocupr<‘in(‘ is (thylah'd by 
lr('alm('id wilh (thyl bromide in I h(‘ usual way Oploifuniinc is 
obt aimak 

( )pl o(|ni ni nc a(ts on lh(‘ microlx's o'sponsiblc Ibi' pmannoiiia. It. 
is loo (“arly yet lor its us(' to be w<tl (established, as lh('t(ests have bc(en 
ini ('rrnpl cd by I lu' war. ' 

Other dcrixal i V(‘s an' amyl hyalroeui)r(‘in(‘ or Eueupiu, and iso- 
oct ylhy(lrocuj>rcin(‘ or 11)<‘ Ialt(‘r is a, pow('rFul antis(eptic and 

was larg('ly us(ed on the G(erma,n side during the* war For dressing 
^vonn(is. It will act on microorganisms in presence of the l)ody'- 
II aids with as much vigour as in physiological saline in vitro. 

Another line of rc‘S(‘areh has started From quinotoxin (eueupino- 

‘ The hopc'.H baned on optociuiniafe ap])car not to have been jnstified ; its nsr is folloAved 
l)y ocniar tronblr (of. Atoxyl). 
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toxin), which is the ketone corresponding to quinine, 'rin^ conversion 
of the alcoholic into the carbonyl grouping, markedly augmenl s i h<- 

^""ThT^sL^rieneral method employed in (•hemol I.erapcuUcal 
research on quipne-like compounds may be called a _(:<^iugiil 
method, because it starts with a simple nucleus aiu inaki's moic 
■Ji^Tlnore complicated compounds by .successive ndroiluction ol 

substituents. , i ,■ u 

The problem of replacing quinine by snui>lcr coinpouiuls ol I tic 

quinoline series was tackled in the early days ol' synl hctic medica- 
ments : but although some measure of success was gained m llial 
the substances were quite good antipyretics, yet llieiv il slopped 
short, as they had no action on the microorganisms ol malaria. 
Among the compounds of this order that have been u.scd to some 
extent are Thalline, that is, tetrahydroquinanisole, O-mel hoxytelra- 
hydroquinoline : 


CH 




KairoKn, N-ethyltetrahydroquinolinc ; 


QH, 

Kairin, hydroxy-N-ethyltctrahydroqui nol i n c\ 
foenzoylamiiioethoxyquinoline of the formula : 

NH-CO*QH, 



N- 


OQH, 


{md i\ 


some of which are, as can be seen, near relatives of ])lH‘iia('(‘f iias 
These products have been abandoned; but ([iiilc n'ccailly Kanf- 
mann, one of Pictet’s pupils, has taken out a seri(‘s of piibMils on ;iM(' 
hyde derivatives of quinoline and alcohols produced I jK'rcfrom. 
This seems to foreshadow new developments in this field of I hern 
peutical research. 

To sum up, in quinine, besides substitution in the rin,i(s, t:lu‘rc‘ ar<‘ 
four groupings susceptible of variation, viz. : 

The ethylene group, 

The methoxy group, 
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The seeotidary alcohcJic ]t»Tnu|) (quinotoxiiiV ^iWion of quino- 


loxin), 

aniijK) /^Toiij) 




: 
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During the investigations which led to the production of Optoehin, £ 
inodiliciitions were made in the ethylene group and the alkyloxyl ^ 
group, then later (quinotoxin) in the alcohol grouping. Numerous 
v^ariations are still possible, but chemotherapeutical investigations 
take up much time, and one cannot expect them to be fruitful all at 
once. 


SALICYLIC ACID 

We will now turn to salicylic acid and its derivatives. o-Hychoxy- 
i)enzoic acid, or salicylic acid, was discovered in 1838 by Piria, who 
obtained it by oxidising salicylaldehyde. In 1877, Kolbc devised 
th(5 synthetic metliod (anployed for its industrial preparation, and this 
marks a, stag(‘ in the dc'vdopment of eluanical industry. Kolb(‘\s 
nudhod, more* or ](\ss modiiuHl, is still in use, and consists in iieating 
sodium plu'noxid(‘ at l<S0-2()0" in a eurnait ofearlx)!! dioxides Only 
hair I he plaaiol im(l(‘rgo('s read ion : 

2('„ll,()Na I CO,, > I cyisOJJ. 

\C().,Na 

Sehmitl (1905) inlroduee'd a valuable' imj)rovt‘m('nt, sodium 
|)h<‘nyl-(*ai*l)<)iial(‘, j>r<)duee(l by passing carbon dioxide' e)Ve'r sexlium 
phcnoxidc, Ix'ing head'd in an aidoe'hive' at 130". Unde'r these' eon- 
dilions, that is lo say, in pre'se'iie'c e)!' e*arl)on dieixieh' uneh'r pre'ssure', 
lh(' re'ae'lion preie'ccels to comph't ieai : 

CO.rXii. 

jiy treating Ihe'seielium salie'ylate' thus e)htaine‘el with dilute' mineral 
ae'iel, salie*ylie‘ aeiel is se't, fre'e*. 

Inelust rially, the' ae'iel is purilied by subliina.tie)n e)n a, very large' 
se'ale' in sj)e'e*ial apparatus ; several te)ns a. elay m:iy bc' tlius handled. 
Idant e>t‘ t his kinel is e'xpensive' ; yet the ])riee^ e)f salictylic acid is now 
\ery ie)w, anel so eviek'nlly it !)e‘ee)me's dillieult to compete with 
manufacturers whe) have alreaely written off tlie cost of their 
installation. 

Thcu’c' is no need to discuss other methods for preparing salicylic 
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acid, such as by diazotising anthrunilic aci.l : il.cy ar.’ ucvr 

employed in practice. .... , • 

One point should be remembered, namely, that wlicm ()i)tassium 

phenoxide is used instead of the sodium compound, p-hydrox'\'l)(mzoic 

and not salicylic acid is formed. 

It is not easy to suggest any way in which Sclmiitt ,s c.Kc<'llcnl; modi- 
fication of Kolbe’s method may be further improved unless il lie in 
simplifying the preparation of the alkaline plienoxide. .^elually, 
according to a recent patent, this operation can be avoided by 1 real mg 
a mixture of phenol and potassium carbonate with carbon diemide. 

Action of Salicylic Acid. — ^At a strength of 1 in 1,000, .salii'ylie aei<l 
inhibits the growth of bacteria, and at 1 in 10,000 it stops lernn'nl id ion 
by yeast. It augments the antiseptic properties of sugar and s.all . 
0-5 part per 1,000 of milk prevents the milk from turning sour I'm- 
three or four days. 

Salicylic acid passes into the blood as sodium salicylait* and 
lates therein for a considerable time without exhibiting' allinitif s for 
any particular organ, and this is perhaps its most eharaclerisl ic 
property. It causes diabetic patients to eliminate less sugar. W'lam 
added to a freshly prepared saturated solution of uric acid in sodium 
carbonate it prevents the precipitation of sodium urate ; so also, iti 
general, it dissolves urates already formed. 

The various uses of salicylic acid are explained by this diveu'sity of 
properties. But the most interesting action of all is that whi(‘h it 
has in the treatment of acute rheumatism. What ha{)j)cms Iku-c is 
still obscure, because the actual agent responsibk' for this dis(‘as(‘ is 
still unknown ; it is merely a matter of surmise that it is bacterial and 
not protozoal in nature. 

Besides, drugs which have a specific action on bacteria, alone ar(‘ 
rare, indeed, are at present unknown. Yet, as salicylic^ a(‘id is only a 
weak antiseptic, and its sodium salt still weaker, it must b(‘ suppos(sl 
that it actually forms in the organism additive or decomposition pro- 
ducts which do have some specific action on the agent of tliis (lisi'as(\ 
On the other hand, the following very plausible hypothesis has Ixam 
put forward. Sodium salicylate circulates readily in the blood and is 
not decomposed by carbon dioxide, as the concentration of this is loo 
low. But in the infected areas intense oxidation takes |)la(‘(‘, and I li<‘ 
concentration of carbon dioxide is much higher and attains a, valiu' 
three or four times that for the blood. Possibly this is emough to s(d 
free salicylic acid itself, which, being much more enm-getif* than ils 
sodium salt, may thus exert its influence at tlic focus of the inlixdion. 

There is one fact which some day may help to a, (‘count for lli<‘ 
therapeutic action of salicylic acid, and that is that sodium salicylai(‘ 
can pass through fatty membranes. It does so c('rtainly only in 
.small amount, but quite definitely, and thus behaves to .sonu‘ cxhail 
like a hypnotic. 
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Lastly, one iiuportanl cdiaracteristic of ,salie\dic acid niust be noted. 
It alone, of tlu‘ three isomeric iii3r(lroxyben55oic acids, has this action 
on rluniinatisni ; and again, of the three isomerides, it is tlie strongest 
a(*i(L Whilst tlie dissociation constant of sodium salic^date is 0*102, 
thos(‘ of the* j)ara- and inefa- derivatives are 0*00280 and 0*00862, 
rc*s})c‘etiv(d 3 n Witli tlies(‘ may be compared the figun* for sodium 
l)(mzoat(‘, yv/.,, 0*00000. 

Derivatives of Salicylic Acid. — Lrec salicylic acid has a quite decided 
irritant action vvdiieh aflxT adininistration manifests itsc'lf by nausea, 
loss of appetites and so fortln Sodium salicylate being partly decom- 
[)osed alixaidy in the stomach may give rise to the same symptoms. 
The discovery of compounds wliich liberate the acid only in the bowel 
should, tlierc\for(‘, be regarded as a noteworthy advance in this branch 
of th(‘ra,pcutics. Such substances are, Ibr example, Salol, Salo'pheii, 
Aspiriih .... 

We will make a short survey of this class of derivatives. Salol is 
phenyl salicylate. It is not hydrolysed by the gastric jui(.*e but very 
readily by the bile and the ])anereatic juice. One method for prepar- 
ing it consists in heating together at 120° two moh'eular ju-oportions 
of salicylic acid, two of phenol and one of phosphorus oxyeldoridc-. 
Industrially, phosgene (carbonyl chloride) is used instt/ad of plios- 
pliorus oxychloride, as it is much ehea]X‘r ; the proecslun' tluai is to 
lusil. a. mixture* of sodium salicylate and sodium j)h(‘n()xid(* with 
phosgenu* und(‘r pressure. Finally, if salicylic acid lx* heate'd aloin^ 
at 1G0-2‘M)°, Salol is fornuxl, one* mol(‘(*ule oI‘ salicylic acid losing 
carbon dioxide* lo give* plu'iie)!, which I he*n e‘ste‘rilie‘s anothe*!* me)le*e*nle' 
e)l* ae*iel. 

lidol is I he* eorre's pone ling e-slea* e)f naj)hl he)L 

ASale)l ele*ri\'af i ve* alre-aely me‘nlie)ne‘el is Salophen. This is e)bl aiiu'el 
by Ire'aling ae*e‘l vlamine)j)licne)l Avilh salie*yli(‘ aeiel anel phe)sphe)rus 
ow'chlorie Ic in benzone se)Iulion. 

.Isjiiriii has been known for a long time-; (hn’hardt (lisce)\’cr(*el it 
almost sii mil I a iK'oiisl V wil h accl anilide. l>ul only mneh lalea' was il s 
nlilisal ion as a snbsl it ulc toi* salie*ylie‘ ae*i( 1 sugge'sl esl. It is < ■mi lie id ly 
an analgcsie' an' ipyrd ie. 

In lc\'e“r e'xpeihnenlally pre)etue‘eel by J)ime*lnre' nesar the eva'/aov 
si rial inn, aspirin (in small de)se‘s) bediave'S like* a, most aediva* anbi- 
pyi-efie* and e*anses a e*e)nsiel(‘rable* fall in le'mp(*ral lire*, old of alt j)ro- 
porlion wilh I hat brenight about by salie*ylie* ae*ieL This is slid a 
mvs(< rie)us plu'iiomeneai be‘C<iuse‘, in vifro, a.sj)irin is spe'e‘elilv hvah'o- 
l\ase'el lo salie*ylie‘ anel ae*e‘lie* ae*iels. 

Asi)irin is pre'j)are'd e*ithe'r by lR‘aling salie*ylie acid with ae*(‘li(' 
anlyvdriele* at 170 ', e)r by Ireating it with ac(‘tyl ehlea'ide in prese ne*e‘ o| 
pyrieiine*. 

Aspirin has ne)t bee*!! e)ust(‘el from ])ha.rmacy by any elerivatives 
e‘xe*e'))l, re‘e*e'idlv, its sodium and calcium salts. 



32 


ORGANIC MEDICAMENTS 

Other esters of salicylic acid may be divided into two classes : 
those which are solid and are used internally, and those which arc 
liquid and are applied in lotions, liquid salicylates being* able to pass 
into the blood through the skin. 

The following derivatives are solids : 

Diplosal is salicylsalicylic acid : C6H4(0H)*C0*0CV1I|-C()jr. 
Novaspirm is methylene-anhydrocitrylsalicylie acid : 

CHg-COOCell^COall 



CHaCOOCeli^COall. 

Diaspirin is succinylsalieylic acid : 

CHa-COOCelliCOall 

ti-vco-oc.ii^cojr. 

Benzosalin is methyl benzoylsali(‘ylate : 

/OCOC0II5 

\CO2ClI3. 

Glycosal is the moiiosalicylic ester of glycerol ; 

CH2OH 

hlOH 

CHaO-COCsH^OH, 

and Salacetol, salicylaeetone : 

€6H4(0II)C02CiroC()-CJI,. 

Similarly there is quite a numbea- of jitpiid dcri val i vcs. 'rijcsc 
should pass readily through the skin, lx.; non-iri-il aid , and have nn 
odour neither disagreeable nor too persistent. Oiu' known for nianv 
years is methyl salicylate, ^ the smell of which is, howc'ver, very jiro - 
nounced. Amyl salicylate is on the market as IJhiKurn. Ainonq 
recently employed derivatives the best seem to b(‘ Spirosal mid’ 
Algolan, Spirosal is glycol iiuai(»salieylale ; (ML(()II)-(;H..()-(’( )■ 

C6H4-OH, and Algolan the salicylic ester of propyl di hydroxy but yrnt : 
CeH4(OH)-COOCIl2C(01I)CO,C,ll7 

ki,. 

^ Lastly, we will mention Mesotan, the methoxynud hyl estta- : 
^6H4(0H)-C02-CH2*0CH3, which has a very irritating action ; Salni, 
which is a mixture of ethyl and methyl esters of salieylglyeollie acid ! 
C6H4(OH)-CO'OCH2*C02C2H5(or CH.:j) ; and Salit, i.e., bornyl sali- 
cylate, etc. 


^ Oil of wiutergreeii. 



CHAPTER IV 


PREPARATION OP ANTIPYRINE 

Anti pyh ine is prepared by condensing plicnylliydrazine with aceto- 
acetic ester and methylating the product. Such is the basis of the 
process ; in practice it is not as simple as it sounds and cannot be 
carried tliroiigh successfully without a sure grasp of theory. But 
apart from that, this is one of the most interesting branches of 
orga,nic chemistry, not only because of the manifold reactivity of 
tlie compounds in question, but also because our knowledge of them 
results from the work of such notable investigators as Knorr and 
Michaelis. 

From a general instructional point of view it would be difficult 
enough to exhibit properly all the reactions of pyrazolone compounds, 
th(‘y arc so diverse. Here only those directly involved in th(‘ manu- 
Facture oF antipyrinc can be considered. 

The simplest pyrazolone is a ketonic cka-ivativc^ oF [)yrazolc^, and 
may b(‘ formulal“(‘d thus : 

CH~ CH 

I II 

CO N 

\ 

NH 


In such a li\'(‘-incinl)< red h<'h r()(*y<Tj<‘ slriK’lun^ as I his, iJu; lotonic 


gf< »Ji|) in: IN' 

orci 1 py onr nt 

1 \\i ) p< >sil 

i< ms, 1 1 

HIS : 


-i C i 1- 
1 

1 

4 C 0 

T 

Cll3 

1 


1 

sCH 

1 

N2 

1 

sCH 

1 





\ 


N 




'rh<‘ afoms in lh(‘ pyrazol(‘ ring ar<‘ always nuinlx'i’ed by b(\ginning 
wil h OIK' nili'ogrn aloni and passing round by th(‘ sia'ond, as shown, 
ddial. nilrogen alom which (‘arric'S a. substituent group is always 
numlx'n'd “ 1 d' 

Oidy llu‘ 5(;j)-pyrazolon('s, lo which class antipyrine bc'longs, will 
be diseussc'd lu're. Phenylpyrazolone may be n^presented by three 
Fonnuhe : 
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CH — CH 

1 II 

1 

=CH- 

1 

CH — CH 

II II 

1 i 

CO N 

1 

^CO 

1 

NH» 

II II 

OOH N 

\n/' 

\ 



QHs 


QH, 

Qik 

I 


I 

m 


As antipyrine is l-phenyl- 2 : ; 3 -clinu'lliylpyni>^(.l,.iu., its .sln«-liitv 
is that of II., thus : 

^CH==C-CH3^ 

5 CO N‘CH3^ 

QH, 

Obviously it may have a numbcT of isoiiK'ritk'S a.cc()r(liii^’ lo th<* 
positions of the methyl and carbonyl gr()U])s and of IIh' double 
bonds but, although these are of great inten'st, tlu'y must iiol now 
detain us. 

Let us follow, step by step, tlic preparation of antipyrine. 'Fo 
begin with, phenyUiydrazine is condensed xvifh aceloacctic ester, lli<‘ 
reaction being carried out either without a. solve ‘at or in a neulrnl 
medium. The condensation takes ])la,ee in two stage's, eorre'sponding, 
respectively, with tlie .separation first ol* waler and Ihe'ii of aleoliol. 
The first of these reactions takes |)Ia(‘e in th(‘ cold, wlii!s( I he s<'eond 
needs a higher temperatun'. 

Now, theoretically, aeetoacetic ester may ri'aet <‘itlu‘r as (he 
ketonic or as the enolic form and so the first stagt' in tlu^ n'axdion may 
be represented symbolically in two alternative ways,^ th\is : 

A. (From the enolic form.) 

CH = C'i0HkH3 CH=C-CH, 01-001^ 

1 N . I 1 V I i 

QHsO-CO /NHIh; IC^H^OlCO CO /Nil 

NH ■■■■' ■ 'HlN 

■■ qHj CJIs 

^ Possibly the reaction follow.s yet anollicr (•()nrs(‘, a,n a,(l(lili()ii (totiipoimd hciii!'; 
formed, which then loses the elements of water : 

CHs 01 f, 

C.Hj-NH-NhI’-CHj-COjR > — - 

ok 
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B. (From tlu; kctonic form.) 

CH, Cioi-CHi CHi— C-CF-13 

QHPCO /NiH,! ll 

m Til-N^ 

QH, QH, 

In the; s(‘(!()n(l sta^^x^, aJcolu)! s(;para;tcs and phenyl met hylpyrazolone 
is fornuHl ; a,s is also shown, this product may have one of two 
formnhe. And if methyl iodide acts on the compounds represented 
by thc‘sc two formuhe, the products will be : 


Clir-OCH^ 

I II 

CO N 
QH. 


CH==C-CH, 


CR— C-CH, 


i. I p I • 

A. Cp NfCH, JD. CO N 

\n^ \h • 

QH, 


/ 


I 




CH, 


QH 3 


When the methiodidc^ a,etually obtained is treated with t‘auslie 
soda., a;nti|)yi’ine is j)ro(lue(‘(l. Tlvis result readily ao'rcR'S wilh for- 
mula A, whilst foianiila B r(‘(|uires I hat tlu^ tixinsha'caiee of a double; 
bond tak(‘ pla(*(‘. 'llius the fornidfloH of unlijijjriiip is hrsf (wpldlord 
ht/ su pposii/ii lh(U ori^indliif the eHiijl accloacddlc rcadvd in /Iw enolic 
form.. 

Tlu' ahov(‘ is what happe'iis wlaai I Ik* (‘oiuhaisal ion of plaaiyl- 
hydra/ZiiH' and aec'l ()ae(‘l ic ('slx'r is brought about in (M( he‘r a neutral 
sohaait or none' at all. If, howe've'r, I h(‘ reaction lake's plae'e' in an acid 
ineelium it do(‘S not follow Ihe' same' course', al any rale' in lii(' se'cond 
slaye'. Thus, if lue'lhyl aee'l oae*('l al <', lor exaniph', be* nse'd, Ihe' 
j)i'oduel is a me! hoxyiiK'l liyipyra/ok' : 


He 


CHpO 


CCW, 

4h 

O: _ 


01 i-CH, 


N' 

dH 5 


Cl 1,0 c N 

C^} 


the' e'eiude'usal ion in I his ease' ha\'iiu»' t ake'U place' by e'limination e)f twe) 
ineih'e'uh's of wah'r. 

If Ibis eh'rival ive' be' he'ale'el with hydroehle>rie* ae*iel, it leises e)ne? 
me'lhyl ^^roup as CJIjjCl and five's a. phe-nylmethylpyrazolone identical 
W'ilh lhat ol)lain('d bv condensation in a ne'utra] solvent. 
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H-»- CH— C-CHj 

J II II 

S,ofV 

■ QH5 


CH— 

1 II 

CO N 
QHi 


The methoxy derivative above combines with iiicl hyliodidc, 
a methiodide : 

CH — C-CHj 

.1 II /I 

ch.o.c^^/N/.„_ 


MethoLVy}}iethylphe)iylpyra mvlhi odi dr. 


And this is the same compound as is tbrined wlu'ii aiil ipyriiK* is li<>al<'<l 
with methyl iodide. 

Here is a most remarkable reaction wliich shows (haJ (}i<‘ j)\a*a-/(>i<‘ 
ring is in a state of very unstable equilibriuin ; by (lis|)la(‘(‘ni{‘nl of one 
double linkage, two more Imve been' for nu‘(r: 

CH-CCH3 ^ CH-C'Cn, 

1 I II 11 

CO N-CHj C}ip-C\ .N/CII, 

Qf-b C!C 


The methiodide abov'c is ti ([iinternmy aiiinioniiiin iodide. ( Isiially 
such quaternary salts arc very stable towards causlie alkalis ; lel ra- 
methylammonium iodide (CH.tbNI, for instance, may be healed wit h 
concentrated caustic potash solution without suffering deeoniposil ion : 
nay, the corresponding base, tetramethylammonium bydi-oxide, will 
displace potash from its salts. To decompose quaternary ammonium 
iodides it is necessary to use moist silver oxide. Bui I hese (|iial ernars' 
methiodides derived from antipyrine behave' differeidly : I hey los'r 
methyl iodide by simply boiling with dilute alkali and I hus regenerate 
antippine. More than that, it is not even neeessary lo hoil evilh 
caustic soda ; simple heating of the eompouml by itself will (lri\'e off 
the methyl iodide, the opposite rea.etie)n to that which produced thi- 
quaternary iodide taking place. 

So, whether the condensation of phenylliydrayane and aeeto- 
acetic ester be carried out in acid or in iK'utral medium is of no 

great importance, as antipyrine can eventually be obtaine.l either 
way. 
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TIk^ nhovc rclii-tion, ships ;irc set out (liii^n-amnuitieally below ; 

Methyl Acetoaeetatc + Phenyl hydrazine 

LTipreseme- 

^ JUCl 

\ 

P henjlmethylmetJioxypymzole 
-f-CHJ 


m iitra I ^Im nt 
or 7wn& at all , 


P heny Imcthy l^y razolone 

P hcnyl methy lmetlio39/])yrazole 
_ r I methiodiJe 

AnTIPYRINE ^ y-AW— J 


endensafion 
.Tidcr 7)tutfal 
onditions — 


ornlvrun/io/i 


’/I f)ivr,cni‘i' 

vf a<'id — 


CR-- 

1 

CO 


QH, 

t 

MCI 


OCH, 

I . 

NH 


Cll- 


cupc 


CHJ_ 


ihen KOH 


CCH, 

11 

N 


CHi! 


CH = 


CO 


OCH, 

1 

N-CHj 


CHpC 


... 

QHj Anfi bvrim. 

I t 

CWj/ KOH or best 

\ I 

CH C-CHj 

11 II CH3 


QH5 


PIk'm yi m(“l hyl pynizoloiK' and j)li(‘nylni(‘( hyld lioxy^[)yra'/()l(? Ix'ino- 
inl(‘rn:i(‘(lial (‘s in I li(‘ manufacl iir(‘ oJ‘ a,nl i j>yrin(‘, oiu* ouyhl. to Ixi 
faniiliai* wilh llicii’ principal pn >pci*l i<‘.s. Ph('nylincMiylcMi()?vypyra- 
7()1<‘ cryslalliscs iVoni liyroiii in laryc colniii'lcss scales, ni.p. ;}S-5 Il: 
dissolves in acids hill nol in alkali<*s. Ph<-ny lind hylpy ra/oloiu' may 
he iccryst a llisc( 1 IVom alcolml or \va!(‘rand 1 hen mi'lls al 127 '. It is 
insohihlc in <‘!hci' and only sparingly solnl)l<- in cold waha*. // i.v 
<1 / ssol red h// hofh, (U'ids and alLdln's^ and (oians characUa'isl i(! sail s wit h 
ccrlain lica\ \' mclals, a nohworl h\^ <'xampl<‘ heiny llu' diacid siK'tn* 
sal! of llu' comi)osi( ion, (\()i ^ lo^ Pluaiylnad liyl- 

p\'ra'/olon(‘ si'cins, Ihcn, io India, V(‘ in many naiclions as il' il. were a,n 
(mol, all lionnii a Ixd ( cr (‘xplanal ion ofollu'i* reactions is turnislu'd by 
lilt' ktdonic tornmla. This bidiavioiir is ([uil(‘ comparable with that 
of ac(doac(d ic (‘sha’. Only llu; lv(d,onic tormula can mak(‘ int(dli,i>iblc, 
for cxain})I(‘, I Ik* comkaisation of plu‘nylm('l.hylpyra,z()lone witii tildc‘- 
h^akss, bnl. on lb(‘ ollua* hand tlu^ (aiolic lormula, oiha’s the best 
(‘X])laiia,lion ot th(' formation of untipyrin(‘ by methyhition and the 
s(»liihilil V ol‘ I h(‘ comoound in alkahes. 
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We may now study more closely the second stc]) in the prcpfiniiiou 
of antipyrine. 

Metliylation. — When phenylmethylpyrazoloiu* is I r(‘a,( < hI with 
methyl iodide it is converted into antii)3Tinc hydriodidc, wliich is 
decomposed by caustic alkali, giving antii)yrin('. ' 11'. Iiowev,.,-, j,s is 
frequently done in ordinary methylations, tlic reaction be carried out 
in presence of caustic soda, it goes much too Jar and in oMkt ditvcl ions, 
and the product is a mixture of six compounds, of whicli I wo arc 
dimethyl derivatives (one of them lieing antipyrine), and (hrcc 
trimethyl derivatives. 

There is no need to give the formula of all these com|)onnds Inan ; 
two only will be cited to show how intricate t he ])roblein is • 

-H3-CH-C-CH3 CHpC-OCff 


If diazomethane in methyl alcoholic solution be us,.,! as the inclhv- 
lating agent, the iwoduet is exclusively the melhox^d (ha-i vat i ve : * 

CH-OCHj 
II II 
*:h.o-c n 

a , 

and the same product is formed when methyl snli.bal,. is emolov i 'r 
the eubetancee i.,w in prceenee nt en.lii, r!;',',':,':,;,),: 

a^»eT„Twrel; «.,,i„„, 

the^obse™;®;™!:"; t'til'Sn 

chenji.,, should hove a„ .loound tx 

should loio, it even hotter than those '.ho »„,k tks |3 I 

ought ensue it pheuyhnethylpyraJ", 

convert the product into antipyrine. 

I>j^n3uusl3l'’;',;*|" 'l“t <l“- fon.iula IW anli- 

the adoption o, a special toruuda-^'pi^^dUii Z:,;',!:'.'"*'"'- 

91 OCH, 


‘3 
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This (“Xi)lains batter than the ketothe forimda many reactions. 
First of all, aiitijiyrine is ox;ceptioiui,Ily soluble compared with phenyl- 
nu'thylpyni/.oloiie, and tliis is easily understood if there be a quater- 
nary ainmonium irioujiiiiffinthe nxolccule. Secondly, both the methy- 
latiou of aiitipyrine an<l the disruption of the product by simple 
lieating Ijecoine more intolligible : 


II 

CHrOC 


n: 


.C}i 3 .=£M^ 


.N-CHj 


I 


'N 'I 

Similarly for tlie action of phosphorus oxychloride : 

-C-CH, 


CH- 




M// 


CH- 




-C-CHj 

II .a 

s. CIC /N<cHj 


Finally, a most widely used derivative of antipyrinc, namely, 
SElipyN'Hf is not an ordinary salt j for reasons which cannot be dis- 
cussed here, it is supposed to be an ether of salicylic acid, thus : 


CH — OCH, 

11 11 /OH 

COJ1-^%0-C^ /N^CH3 

CH, 


Aiilil)yrine readily eives siibsl il alion prodiicls wit li bromine, iodine, 
nilroiis acid, mercury, iil(lehy<l<'s. II conlains a. very mobile hydrogen 
••iloni. Nilroso-aiil iiiyrinr : 

?10-C=C-CHj 

I 1 

CO ^N-CHj 

is Ihc primary i nU-rmedia le in llic mamd’aclurc of Fijmiiiidon (di- 
melbylamiiio-unli|>yrine) mid McluhrUi (sodium salt of plumyldi- 

nicl hylpy ra /.oh) nc-uniinoi m*l hall (‘-sal phonic a.cid). 

Till' compoiiiul produced by intcraclioii with formalchdiydc, nieihy 
Iciic di-iuilipyrinc, is usrvl in estima.liiiga,ntii)yrinc ; so also is Ihc iodo- 
dcri\ al ivc. When aiiti])yrinc comliiiics witli trichloroacclaldchydc 
(chloral) a siibslaiice is produced which lias hypnotic properties and is 
sold under I he inline ot HijyiKll. ... 

Pyramidon. I’yruinidoii is prciiarcd by rcdiicinunitroso-antipyrmc 
mid methylating llu- prodiirl . As reducing agcnls may be used either 
zinc and sodiuin hisiilphite or, belter, liisulpbih- alonm The latter 
niel bod produces the ainiLio-sulplionic acid wbicli yields Pyramidon 
directly when treated with methyl sulphate. If the intermediate 
conqiimiid be aiiiiiioaiitijiyriiu' itsell, it is separated as the bcnzyli- 
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dene derivative by treatment with benzaldchyde. 'riiis n( i\v 
is insoluble in water ^ and easily obtained quite |)ur(\ 

Aminoantipyxine may be methylated by usiui*’ (‘il her lueihyl iodidr, 
bromide, or better, methyl sulphate. Sometinu's, howeV(‘r, (lu's^* 
methods give a poor yield because quaternary aniinoniuia salts art* 
formed. Efforts have therefore been nuid(‘ to obtain a. fnon* near!}" 
quantitative yield, and the following improv<‘d process has been 
elaborated. 

Aminoantipyrine, treated with cliloraeelic acid, forms amino- 
antipyrine-diacetic acid : 

-NHg + 2CICII2CO2H -> N((:iL'(M),l!),, 

and when this is treated with hydrociiloric acid in an anlncla\’c at 
120°, carbon dioxide (2 mols.) is given off and Pyrainidon pro(lnc('(l : 


~N 



CO2 IH 



^ The compound is so sparingly soluble that on this reaction Tiircneau ha,-; ti;i c( 
a method for estimating benzaldehyde. 



( lIAPTKli V 
HYPNOTICS 


ClassijStcation.— As inattcn’s stand it sccins that the most useful tiling 
to do is to eJiussiiy hypnotics, as only by that means can one keep 
track wit h indi vidual work in this held, or grasp some of the relation- 
ships subsisting lietween hypnotic properties and chemical eon- 
slitution. 

Usually, hypnotic compounds have been divided into three classes, 
namely, 

(a) Those containing aldehyde or ketone groups, 

(b) Halogen compounds, 

(c) Compounds containing alkyl radicals. 

This elassilication, put forward by Frankel in his well-known 
lr('a(is(‘,^ d()(‘s not seem to be very satisfactory, being at once 
iiH'xact and loo rigid. Thus, if we adopt it, we must put cliloral 
info both (‘lass (a) and class (h) ; we must separate ainido com- 
pounds from lli(‘ir halogcnalcal dcri val i v<‘S, and so fortli. 

As W(‘ shall sc(‘ later, hypnolic activil,y is du(‘ mainly to particular 
])hysical pi'opi'rl ics, jiosscsscd by subslanc(‘S of widdy varying con- 
sfilnlion. ilypnolics may Ihcrd'orc^ b(^ nut. wiLh in any group oT 
(ticiuical compounds jirovidcsl lh(‘ following conditions arc fullillcd ; 

(1) Th(‘ comj[)ound in (pu'stion may not lx‘ acidic* or basic in 
characlcr, or if so, I Ik* ])rop(‘r(y may not be too pronoun(*('d ; ^ 

(U) If niusf I)c stable* to a, dc'linilc* dt*gr(‘e ; 

(a) If may nof. lx* loo soluble* in wa.tc‘r, or if frex'ly soluble*, it must 
he* sf ill more soluble* in e*f he*!* or liepiiel I’als. 

Ilypnofie's, in e*oiifrasl- wit h anl i])yre‘l ie*s, are* me)slly me*ml)e*rs ol‘ 
the* aliplialie* sci'ics. Ihif, this is be‘cause‘ flu* lirsl, kne)\vn hy|)notic‘ 
e'ompounels bdonge «' le) this se‘rie*s and lafe*r re‘S(*are*h has e*e*nt,r(*d on 
fhe-m. \'e't, amejng many ce)nipe)unels with hypne)lic pre)p(‘rl i(*s, sue*h 
an augme'ut af ie)n e)rae*livif y rcsulls fre)m re'phicing an alkyl gre)U]) by 
an ai-yl gre)up f hal, wif he)ut de)ubt the* a.re)ma,li(* scrit*s will furnish other 
e‘xe*e lle'uf, hypne)li(*s te> se*i be*siele‘ Liuiuiuil, Iltjpiioiie and Nirvcinol. 

If. \ve)uld se‘e*m I hat f lu* b(*st way to classify hypne)tics is te) survt*y 
f he* chie'f familie'S e)f organic coitipoimds, noting (le>wn those in wliicli 
subsfance's use'd or suggc*ste*d as hypneh.ics are met with; then, for 
the* familie'S thus c*nde)we*d, to draw up a scale of narcotic potency, as 
far as a\’ailal)le' kne)wle*dg(* jK'rmits. 

’ Die Ar::)i( iiiiillrl-Sijtil/irsc^ 5ili oeJ., Berlin, 1021. 

- V'eronul jukI Luniiuat dissolve in alkali but are not true acids 
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But before setting about this classification, wc iruisl: make a, pre - 
liminary grouping : we must distinguish bctwcnai general anCBStlietics 
and hypnotics. 

General ansesthetics are those which sirnullancously al!(‘via,te |)a.iu 
and stop reflex-action; which bring about narc<isis, hut, naturally, 
leave unaffected the respiratory organs and the va,so-iuolor (Hmtr(‘s. 

These again form two sub-groups, nanu^ly, volatih' ana‘sMielies 
administered by inhalation, and non-volatile ainesMu'l ies. Tin* lirst 
of these, of which chloroform is a type, are el\ara(*t<‘ris<‘(l hy th<‘ fact 
that their action is complete but of short duration, and ahab's rapidly 
when administration is stoj^ped. The pati(‘nt uiulti' t ri'at nuad , 
after first passing tlmough a state of cxeit(‘in(‘nl, begins lo lose loiieh 
with the outside world; movement ceases, even that (hi<‘ to rdlex- 
action, but almost immediately conscioiisn(‘ss iH'gins lo fadt* and 
nearly vanishes, although a few glimmerings nmiaiii. Aelnally I Ik* 
motor centres are attacked after the sensory (‘(‘Hi res fail , [)rae( inall y 
speaking, nearly all the functions of tlie l)raii\ are aih'cled at once. 

The second sub-group is represent(‘(l by viorpldne and scojxddni.iiic. 
Morphine stands by itself, for it acts almost exelusi V(‘ly on Mk* si'iisory 
centres, and is not really hypnotic cxc(‘pt when adminish'red in doses 
which approach the limit of safety. It is hypnotit^ inasmuch as il 
relieves the pain that causes sleeplessness; but if thc^ insomnia is 
due to something else it is not always effective. 

Scopolamine is pre-eminent in acting mainly on ih(‘ motor eenires ; 
it serves thus to round off the effect produced by morphiiu* and I Ik* 
hypnotics. 

Hypnotics properly so called limit their action to bringing about t Ik* 
first stage of narcosis, i,e., tlic loss of eouseiousiK'ss of oulsid(‘ (‘V(*nl s, 
and can maintain this condition for souk* time*. They ha\'(* no Irm* 
action on sensibility except when used in dos(‘S lu'aring I h(* h'thal 
limit, and so are in sharp contrast with morplunc*. 

So the effects produced by the hypnotics on tlK^ oiu* hand and 
morphine on the other arc essentially different in cha,raet(‘r and only 
come to resemble one another when cither substauee is admlnisl crod 
in dangerous doses. 

Having cleared up these points, wc may begin the* (*lassili(*al ion. 

Hydrocarbons.—Nearly all aliphatic hydrocarbons of nol loo high 
molecular weight are hypnotic and belong to t!u* group of griK'ral 
amesthetics. All those maybe used that have* l)()iling points lying 
between 25^ and 50°, so from pentane (normal) boiling al ‘M> \ (o' I In* 
branched hexanes, such as /f/f'-dimethylbuta,iu*, lrinu*l]iyl(*l h\'l- 
methane, boiling at 49° (Schleicli). Naturally all (‘annot lx* (‘inployed, 
as the question of cost has always to be considc'ix'd, but if ether and 
chloroform were unknown, these compounds would s(U've (xiually 
well in their place. 

Ethylenic hydrocarbons have a much more prunouiiced act ion. 
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ethylene its(‘lf a strong general anaesthetic.^ The best known 

(jornpouiul of this series is Penial, trimcthylethylene, (0113)20 : CH-OHs, 
'riiis is ol)taine(l. by deliyd rating amyl alcohol by treatment with zinc 
chlorides and l)()ils at 86°, ix., mueli higher than the corresponding satu- 
ratcal hydroca,rbon, which boils at 80*5°. It is, in fact, a general rule that 
(‘UiyJenie hydrocarbons luiv(‘ liiglier boiling points than the correspond- 
ing |)aranins, although the contrary usually holds lor their derivatives. 

Halogen Derivatives 0! the Hydrocarbons. — Passing on to this group 
of (‘ompounds W(‘ ni('(‘t with ehloroform, tlie most widely employed 
g(‘n(‘ra,l a.na‘sLhetie, and with (thyl chloride and ethyl bromide, the 
use of which is ra,|)idly spreading. 

All cliloro- and bromo- d(‘ri\aiti\a\s with boiling points between 
20° and 50° possess hypnotic ])ropc‘rti(‘s. It has been stated that those 
with an odd numbc'r ol* halogcai atoms arc more potent than the others, 
thus, for instan(*c‘, ethyl chlori(l(‘ is a. more energetic hypnotic than 
ethylene chloride, this itself being wc^aker than methylchloroforin, 
CHa-CIIoCl > < CH 3 -CC 13 , 

but this generalisation does not (|uit(‘ agree with the facts. It has 
b(‘(‘n forgottcMi that th(‘ location of the chlorine atoms on the car])on 
chain is ol‘ importance, thus (d hylidc'nc chloride, CILj-CTIC^, with])oth 
chlorin(‘ atoms attached to th(‘ same carbon, is more active than 
cthyl(‘n(‘ chloric 1(‘ or cvcai ethyl chloride. 

N(‘arly all th(‘ halogcm dea-ivatives coming within the limits of 
volalility sj)(‘cirK‘d above; ha\a‘ beaai Ic^stcal in actual practice, thus, in 
J^hig'land, nudhylcaic chloride Cl loClo ; in Fra,n(*(‘, nu-l hylehJoroi'orm ; 
in (h'rmany, accdylene chloride, C.lIC-1 : CIICl (Dloforni); but none' lias 
achi(‘V(‘(l iKa’inaiuait success. 

Alcohols. — Of this scries the tertiary alcohols are by far the most 
activ(‘, and one of them is still widely used, namely di ini't hylei hvi- 
carbinol, (CM3)2C(OII)-C2ll5, or ^s'lmylcnc hydratca’’ Tric^tliyl- 
carbinol, a. (-7 alcohol, is t^vcai more* ])oUait, but in small doses it 
brings about a slate' of ('xcib'ini'nt, and is, more'ovcr, iiol ('a.sily made', 
while' amyh'iu' hyelralc' '' is re'aelily e)btaine'el by liydraliiig Penial : 

{cn.yp . CH-c'ir., -b ir.o - • > 

The' glycols are' imt such aclixu' hypimlics asalce)he)ls with llie* sa,nie' 
number of carbon atoms, but Avitli incre'use' in meile'cular Ave-iglil, anel 
particularly if at least one' hyelreixyl greuij) be' le'rtiary, 1 lu'y elei be'ceune' 
peiwe'rfully hyi)ne)tic. The activity is gre'ate'st wlu'ii beith hyelreixy 
groups are' tertiary. It ceimes tei the same' thing tei say that tlu'se 
e'ffeets Idllow ine'rcascel solubility in ('thcr. 

Amyle'iK' glycol, hydreixymc'thylmcthylethylcarlanol : 
(t>ir5-C(()lI)-ClIo01I, obtained by treating the corresponding deriva- 

I 

CII3 

live' of ('I hylcnc' eixiele with water : 
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is an excellent hypnotic, but has not been usc'd l)cc;ms(> of it s cost lincss. 
The elilorhydrin of this series, it may be remeinben'd, is an inter- 
mediate in the preparation of Stovaine. 

The pinacones, however, possess the most pronounced act i vily, and 
when methods have been discovered for prodiicine lliejn eheaplv, 
which should be in the near future, doubtless soiik^ represei dative iir 
derivative of this group will be employed in 1herai)eulies. I'KIiyl- 
methylpinacone, diethyldimethylcthylenc glycol, C.jllr,(t!ll).|) ; (;(()l i)- 
C(OH) : (CI-l 3 )C 2 lT 5 , is quite as active as “ ainyleiie hydrate " ; and 
the maximum activity, it appears, is sJiown by t he (i,,, conipound, 
diethylpinaeone, tetraethylethylene glycol, (Calffi)^ : (l(On>(:(()n) ■ 

Such trihydric alcohols as have so far been tested are not hypnot ie, 
but one may expect the property to be possessed by derival ives wit li 
secondary or tertiary hydroxyl groups or with a many-branehed 
carbon chain. The compound : 

which may be prepared by treating ethyl mesu.xalal e, (l{)((!()„(!.,irf 
with magnesium ethyl bromide, should be iidercsting to si ud y " ’ 
Halogen Derivatives of the Alcohols.-Already agcuu'alisal ion mav- 
be made, namely, that if the simplest member of a series he soluble iii 
water and not in ether, then the more this is so the higluu- must. 1.,- t he 
molecular weight of a derivative for it to po.ssess hypnot ic jiroperties. 
However, substitution by halogens brings about, the sa,m<' result as 
mere increase m molecular size or the developmeid. of hrauehed 
chains, as IS shown, for example, by the fact that halogen derival ives 
of glycerol and its homologues are hypnotic, whilst the parent trihydrie 
alcohols are inactive. ^ 

Isopral, CCl3-CH(OH)-CH3, is, of the halogen alcohol (h.rivativvs 
the one used to the greatest extent. It is obtained by treat i.m ehlor-d 

Td t’sr^r „n i,i, ,„;,i 

of.;“„"d 

tlys family belongs the compound that, wit.li eh loro- 

Of .he Li ?;■“ 
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corresponding alcohols to a surprising degree. Here, again, the cost 
must be considered, otherwise methyl ethyl ether, or methyl propyl 
ether, could be utilised quite well instead of common ether. 

The acetals and the orthoformates may also be included in this 
class. Acetals are ethers of (hypothetical) dihydric alcohols in which 
both Ijydroxy groups are attached to the same carbon atom, thus ; 

\0C2II5. 

Nearly all these compounds show hypnotic activity. Tliosc derived 
from ketones are, in fact, among the best hypnotics known. This 
conclusion, which contradicts earlier statements, has resulted from 
rcaxait research carried out by Brissemoret on the two compounds 
rc'presented by thc^ formuhe : 

Cll,x /OC0II5 

CIl/ \0€,H5 

()rtlioronna tc‘S are dc'rivaitives of the hypotlietical orthoforniic acid, 
f!ir(()TI);j ; th(‘y may also be rc'garded as ethers of the simplest trihydric 
alcohol. Klhyl orlhoromiatc', {Ellione), is largely used 

in Franc(‘ as a mild hypnotic and as a sc‘dativc in whooping-cough 
(!h‘iss(‘mor(‘l , C!h(‘\’alicrj. 

Aldehydes. — OxidaJion ol‘ a. |)i*ima,ry alcohol to the corresponding 
ald(‘hyde brings ahoul a. co!isid<‘ral)l(^ increase^ in hypnofie a,(.*tivity, 
as may Ix' scsai by comparing <‘l.hyl alcohol wilh acu*! ald(‘lgyd{‘. Jhit 
ald'hydes ha\a‘ of her, obj<'el ionable, projxalics : small dosc'S induc(‘ 
cxcilalion, whilst largvr doses bring about asphyx:ia. Tlu'St' dthecls 
an' less prononnc<'d in I ix' [)olyin(‘rid<‘s, and pa.rald(‘hyd(‘, foi* cxainph', 
is still ('inployc'd to som(‘ ext(‘nt. 

()l‘ halogen derivatives of the aldehydes, those containing one halogc'n 
atom in ttx' moh'cuh' are ('Xt ra< a-dinarily irritant and toxic*, hut wiu'ii 
tlx* propoi't ion ot halogi'ii pass<'s a certain point, the compounds pi’o- 
duet'd ha\'(' t Ix' propi'rl y of torming hydrates, dlx'sc* subst a ix*<‘S, 
which may also lx* regarded as sul)sl it ulc'd dihydric alcohols wilh l)oth 
hydroxy groujxs attached to tlx* same ca.rbon a, tom, an* soluhh' in 
walc'r, nuudi less irritant, than the* corresponding unsubstituted 
ald('hyd('S, and have no appreciabh* odour. 

d'lx* best. kix)wn compound ot this kind is (diloral hydrate*, 
(:(!L;(!ll(OH)o, tlx* lirst synthetic narcotic. Although discoveix'd by 
Lit'big, it was not, ('mploy(‘d })harma,ceutically for many years. This 
devc'lopmenl was (hu* to Ijic'brcich, who reasoned that as chloral easily 
bn-aks down to torin (*htorororm, so it might serve actually in the 
organism as a, source of the* hitter. This reasoning was unsound, but 
it led to a, valuable dis(*ovcry, that of the physiological properties of 
(*hloraJ. 

(!hlnra,l has a, most disaxTeeablc taste and an irritant action on the 


cir3s y0c,H5 
CJ-I5/ \oc,ir5. 
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gullet. As it will combine with almost any organic componiKl, it: is 
easy to imagine the vast number of deriv^a,tives that hav(‘ 
investigated. Compounds with sugars, alcoJiols, amides, anlipyrine, 
etc., all have been tried. Of these only three are still in us(‘, munely, 
Dormioli whieh is the combination with tertiary amyl alciohol and is 
an excellent product ; Hypnal^ the compound with a,ntipynn<‘ aln/ady 
mentioned, and Chloralose, Chloralose is employed to only a, limit:(‘d 
extent on the human subject, but for animals it is th(‘ l)t‘st an;es( hel i<‘ 
hypnotic known. With its aid operations may 1)0 ea;rri(‘d out. wi I houl. 
either danger or pain. It is produced by tlic intcraciion of ghicosc 
and chloral, ha\dng formed the subject of an invcsl igalion l)y Hich(‘t 
and Hanriot. 

Other derivatives of chloral have had but a, short earc'cr. Among 
such are Viferml, a polymeride of chloral, chloral aini(l(‘, chloral- 
oxime, chloral urethane, CCl3CH(OH)-NH-COaC2H5. 

A homologue of chloral, viz., butylchloral, Clia'CUICl-CX'Lddl^C >11 )o, 
has been used in combination with pyrarnidon, und(‘r lh(‘ names 
Trigemin or Asciatwe. This compound of butyh'hloral and pyra- 
midon is a well-characterised crystalline subslanct*, all hough chloral 
itself will not combine with pyrarnidon, but only with aniipyrim'. 

Ketones. — Ketones are produced when a sccoiKhuy alcohol is 
oxidised. From methylethylketone onwards, all kcdoiu's arc narcol ic 
to some extent. Nowadays these compounds, even the mixed kcloncs, 
are easily prepared by Senderen’s method, nanidy, ])y passing a 
fatty acid, or a mixture of acids, over heated tho'ria. * ll may Ix' 
expected that the higher members of the scries, of which al pn'scnl 
little is blown, will soon be investigated mor(‘ fully. 

The simplest ketone in the aromatic scric's, acdopluauMU' or 
Eypnone, has long been in use and still has a (rrlain vogue, princi- 
pally in Italy. 


The monohalogcnated ketones, like tlie corr(‘sj)onding ahhdjv'dc 
derivatives, arc violent irritants. But, just as with lh(‘ ald(‘hyd(‘s, 
when more chlorine atoms are present in the moleeul(‘, tli(‘ produci s 
will form solid hydrates with no odour and a not too unpleasant, (asl<‘. 
Thus, while monocliloroacetone is one of the most ol)j(‘cl,i()uabl(‘ com- 
pounds to handle, trichloroacetone hydrate, CCl3-C(0n)o-(!Ih, is solid 
and almost odourless. Naturally it is strongly iiypnoliJ. 

Acids.' The ultimate product of oxidising a primary alcohol shorl 
of complete breakdown, is an acid. Acids, no matter what’ Ihdr 
molecular Tveight or the degree of substitution l)y chlorine^ p()ss(‘ss 
no hypnotic properties at all. But their esters and amid(^s a,iT in a 
uilterent category. 

Esters.— Most esters of fatty acids up to ca]m)ic acid are hvtuiol ics 
but none lias been utilised except those of valeric acid. Anuinv tlu’ 
latter, the borneol ester is reputed to be the best ; it is found in 
valerian root and is also manufactured under the name Bornyval I ( 
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las mildly hypnotic and sedative properties. Validol is menthol 
valerate. 

Amides. — This class of compounds is of outstanding interest, for it 
ncliidcs nearly all the most widely employed hypnotics of recent^* 
u’igin, Veronal^ Adaline^ and the like. 

Simple amides of the aliphatic series, homologues of acetamide, 
)ossess only feeble hypnotic properties. The only one in pharma- 
seutical use is valeryl diethylamide. Hypnotic activity is more 
narked in amides of the aromatic series. Amides of halogenated 
Lcids are much more active, particularly if the parent acid contains 
L branched carbon chain. 

The following simple classification of this group may be made : 

Acetamide and its homologues . . Feeble activity or 

none at all. 

Benzamide and its homologues . . Flypnotics. 

Halogenated homologues of acetamide . Hypnotics. 

Hypnotic properties are possessed even by bromacetamidc and in 
he highest degree l)y dicthylbromaeetamide (Neuronal). 

Bui the substance's of this class in which hypnotic ])roperties are 
nosi liigiily (l(‘vel()})('d arc the acyl derivatives of urea (cart)amidc) 
ind llu' uiH'thaiU's. Thus Hromural is bromo-ivo-valerylurea and 
Idaliiic is (liel hylhromaec'lylurea. 

Un'lhaiu's an' ('sb'i's ol' carhamic acid; ('thyl urc'thaiie, for 
‘xaui})l(', is 

NlLCOOthlls. 

Souu' of lIu' Ix'st and h'asi ohjc'ctionabU' hypnotics known ai'C 
iH'l haiK' d('rivativ(‘s. OF I hos(' (l('vis(‘d from primary alcohols only, 
h<' simj)I(' ('thyl nrc'thaiR' is in use. I lix'tliaiu's of secondary alcohols 
n*(‘ much more' activ(' : Ilcdonal, a, representative oF tliis grou]), 
is int‘ihylproj)ylcarl)inol nix'thaiu' : 

(U[/CIt(Cl[ 3 )OC()NIL,. 

lln'lhaiH's oF Icrliary alcohols ha,V(‘ also Ixh'U j)rcj)arcd ; ApoiiuJ, 
for ('>cani|)l(', is I lu' carl)anial(‘ oF Ic'idiary amyl alcohol : 

cjr,(!(ciL 3 ),()C()Nir>. 

Urc'a, carl)aini(lc', C()(NLL)2, is not itsc'lf a hypnotic*, hut many of 
ts dc'rivatives arc*. The* propc'rty is wc'll d(*V(*lo[)(*d and sonu'times 
v’c'ry j)ronoun(*ed, ])arti(*ularly iF many substituent radicals arc' 
itlachc'd to the* nitrogc'U atoms. ^ The most recent addition to this 
:*Ja,ss is Nirvanol, phc'iiylcthylliydantoin, 

eju ^co Nir 

Calls/^^NII CO 

Amylurca, Cll3*CH2*C(CIl3)2*NlI-CO*Nll2, appears to l>e an excel 

^ Ixnnioro and Perrin, have lately found that eortaiii homophthalimido clerivativcs, 
ilie diallvylhoinophthalirnides, are Jiypiioties, 
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lent hypnotic, but its preparation is troublesome. 'I'he lieptyiuiv.'i 
derived from trietliylcarbinol, (C.jIl5)aC-NII-CO-NI[2, is similarly a 

very potent substance. 

Veronal Series.— This is the group of the ureides, iummg wliieh I he 
derivatives of the dialkyi- and arylalkyl-malonie aeids ha ve I he 
highest reputation. Veronal, Luminal, Proponal, Dial and Nnncri/l 
are members of this series. 

Veronal is diethylmalonylurea (diethylbarbilurie acid) : 

CotL. /CO-NIL 

“ \c( }CO. 

G^l/ \CO-NIl/ 

Liminal [Gardenal, Phenylbarbital) is phenyleliiylmalunyluren : 

CelTsv /CO-NIL 

\C( >C(). 

C3II5/ \coNir/ 

It is widely employed in treating epilepsy. 

Dial is diallylmalonylurea, and Proponal is dipropylmalonylui'ea ; 
Cglljv /CO-NIL 

■Nc/ >0 

c,h/ \co-nh/ 


Soneryl (Tiffeneau) is ethylbutylmalonylurea,. 

Neither the organic bases nor the acids are poss(‘ss<‘(l of liN^pnolic 
properties^ but, as has just been made evident, certain combinations 
of bases and aeids (the amides) are peculiarly well en(lo\v(‘(l in I liis way. 

Nearly all the natural grou]Ds of aliphatic compounds hydro- 
carbons, alcohols, aldehydes, ketones, aeids, amith's, Mim ajid (‘slci's, 
amines — have now been reviewed and we liave seen tliat hypnolics 
are met with in all but two of them, nameJy, tlie acids and Mk* ainincs, 
and that even this gap is, in a way, filled when mcmlx'rs ol‘ 1 lu'sc I wo 
groups are brought into combination. 

Sulphonal. — There remains to consider another, very imporlant , 
group of hypnotics that cannot really be classed witli any of Wu^ 
above. These are the sulphones, one of which is SuI/phoiiaL At first, 
sight, sulphones resemble esters, but the resemblance disappc'ars on 
closer inspection. ITere the sulphur atom is linkc'd direclly lo two 
carbon atoms. It is combined, further, with two atoms of o.\;yg< ai , and 
is thus hexavalent. The only group with which tlie sulj)honcs (‘an 
be compared is that of the ketones. 

Sulphonal is diethylsulphonedimcthylmetlumc : 


CH. 


O 


CH,s. /b-- Calls 


S-CoIL. 


0 ^ 


0 



11 YPN 01 108 


49 


Trional is dicthylsulplioncmethylethylmethane : 




SO2C2H5 


CII/ \SO2C2H5. 
Tetronal coBtains only ethyl groups : 

C^IIsv _ /SO2CJI5 


Cgllgs, 


\SO2C2H5. 

In these compounds there is some resemblance to Veronal and 
A-daline, but, unfortunately, it is impossible to produce directly from 
a sulphone a sort of veronalsiilphone : 

/SONI-L 

c/ \co, 

0.^1/ \sonh/ 

but perhaps one may attain this end in some other way. 

It need not be pointed out how much there is still to do in this field, 
and what vast tracks are open for research. 


Relationships between Hypnotic Activity and Chemical Constitution. 

- “W(‘ liav(‘ just drawn u]) a chemical classification of the hypnotics. 
From a praelieal point of view this is a jnost important step, but a 
[•hemisl, (‘Ugagc'd in tackling therapcaitieal problems should aim also 
at including in his gcau'ral cMlueation some ae(|uaiutance with the 
lheori(‘s put forward lo explain the physiological action of drugs. 

As has bc‘('n slat(‘d, narcotic activity dc^ptauls c-sscaitially on physical 
faelors, and ahovc‘ all on the })artitiou eoelUcient between fat and 
walcn’. Jhit prc'(*ise laws, by whieli the pliysical pro])erties of a given 
eom])ound may bc‘ foretold, have not yet hccix formulat(*d, c'Xeept in 
isolatcal eas(‘s. Consc'qiu'iitly theories of the action of hypnotics 
:*annot lu'l]) us vu'ry much, and our plans of research cannot dc'pend 
so much on tlunn as on conclusions drawn from particular exanij)les 
uhxsuly in v(‘sl igat(‘d. 

Thus, noiu' o(‘ llu' tlu'rapeutie propcndit's of (sthcn- V(‘ronal, or 
Bromural, or Sulphonal, could be ])redi(‘t(sl, }>ut now that they are 
known we may expect similar ac-tivity to bc‘ shown by ixdated c*oni- 
j)ounds. So b(‘fore ch'aling with Overton’s llu'ory of tht‘ action of 
liypnoties, c(‘rtain typical j)harmaeological restsirehes along these 
inc'S will bt' revi(nv(sl. 

Thc‘ ur<'i(l(\s ol‘ tlu‘ brominated fatty acids, Bromural and Ada- 
jtu', will s('rv(‘ as illustrative examples. Adaline is a eaproic acid 
:l(‘rivativ(‘ wilh llu‘ bromine atom in the a position and with two 
jtliyl groups attactied to the same carbon atom : 

^ ScBr CO-NH CO-NHa. 

c^h/ 
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Tlie hypnotic dose with dogs is 0*30 gm. per kilo, body-wciglif:. 
The solubility in water is 0-15% at 37° ; in fatty oil it is at 

the same temperature. The partition coefficient is tlK‘r(‘lor(' 1-40. 
It was interesting to see if isomerides of this compound wen? c<jually 
hypnotic. Tiffeneau and Ardely studied the urcide of th(‘ (t-bromo 
derivative of normal caproic acid. Here the solubility in water was 
very low, viz., 0*033%, and the partition coeilicient, 0*1. 
compound possessed no hypnotic properties. 

Van Eckout drew the same conclusion as Tiffeneau and Ard(‘ly JVoin 
his investigation of valeric acid derivatives. Thus, a-broinoval(iyl- 
urea is not a hypnotic; a-bromo- 45 o-valerylurea is a liypiiolie, it is 
Bromural; a-bromo-methyl-ethyl-acetylurea is even more active. 
The partition-coefficients (fatty oil /water) for these three (jompounds 
are, respectively, 0*64, 1*83 and 1*90. 

‘ Beyond the Cg acids very few experiments have been nuuh?. How- 
,ever, it has been found (Tiffeneau) that the ureide of the monolu’omo 
derivative of normal lauric acid is almost insolul)le and is j)liysio- 
logically inactive. Even the Cg and series arc a, long way IVoin 
being completely investigated. 

These experiments point to one conclusion, namely, dial da* 
group ‘CHBr-CO'NIi-CO-NHg is not itself active. It may 
perhaps have latent hypnotic properties, but tlu'y only disj)la\' 
themselves when certain solubility conditions are satisiicd, and llicsc 
depend, above all, on the carbon chain, and in turn conirol die 
passage of the substance in question into the central lU'rvous (*<'lls ' 
(Tiffeneau). 

Further, one may say that bromine has no s])eeilie a,(4.ion, as i( may 
be replaced by chlorine or iodine. Indeed, if tlu* [in'scmce of lirominc 
(or halogen in general) were essential, the compoimds willi I la* 
highest proportion, i.e., ureides of bromo acids of low molecular 
weight, should be the most active ; yet wc have just s('<‘n ( hat among 
the acids below the Cg series no activity is shown. 

Yet these experimental results, interesting though they be, an* far 
from covering the ground. Probably what would l(‘ad (o more 
valuable conclusions would be a thorough-going study of all da* 
possible monobromo derivatives of, for example, vnlrvir avid. H(‘rc 
there are a dozen possible variations. Whoever uiKhaiook this job 
would indeed serve therapeutics well, and yet would have a line 
piece of chemical work to his credit; because, curiously, allhough 
a number of bromovaleric acid derivatives have bc'cn inv(‘sliga((‘d, 
in which the carbon chain has been varied, none in which du* 
position of the bromine atom has been altered, nor evim, so far 
as is kno'mi, any derivative of, e.g., ^d-bromo valeric acid, has 
been examined. 

Here is a list of the possible monobromovaleric acids, not includimT 
the optically active isomerides : 
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CIIa ClTa-CIIaCIIBr-COall 
ClIaClIaClIBr-CHa-GOall f W? 

Cirs-GHBr-CIIa-Cna-COari V- .. 

CHaUr CHa CHs-ClIa-COaH ? • 

(CH3)2-CHCIIBr-C02H 

(CH3)aCBr-Cri2-COJ-I f"' 

ciL^hcii{ciisym^co.^i 

CIl3-CIl2-CBr(CH3)C02lI 

CIl3Cll2€H(CH2Br)C.02lI 

(rrr,ciiBr-cii(cri3)C02ii 

C'lI.,BrC:il2C]I(CIl3)-C02lI 

(('iL)2c:(cir2Br)-co2ri 

In iuv(‘stigiitions of this kind it is necessary : 

(i) To pn^parc' t lu' conipouiKls ; 

(ii) To study cau^rully tlu'ir jihysical and cliemical properties 
(solul)ilil y ill wah'r, in various other solvents, in fats ; extent to which 
t h(‘ hroniiiu^ atom islahih? in prc'scaiee o(' wal(‘r or dilute alkali, etc.) ; 

(iii) 'fo (htiu'initu' tlu' part il ion eoitlieitail between fatty oil and 
waUu* ; 

(iv) d\) follow Ui(‘ (Tnninalion of I lu‘ sul)slane(‘ via the urine; 

(v) 1\) s('(‘ how I h(‘ bronhiu' is dispia-sial in the oryanisin and how 
it is absorl)(‘(l, prinei[)ally in ih(' blood and 11 k‘ brain ; ^ 

(vi) To (h'l(‘rnhne its hyjinotic activity towards mainmals (dog, 
eat), and towards lish and tadpoh'S. 

Theory ot the Action o! Hypnotics. — Wc now turn to the various 
th('ori(‘s put forward to c‘Xj)laiu tlu' action of hypnotics. There arc 
h(‘r(‘ t wo (pu'stions lo consider, viz. : 

(1) The piMiel ration of IIk‘ hypnot ic subslanei* into t he nerve cell ; 

(2) Tli(‘ m(a*hanism by which hypnotics, having once ('ntcu'ed the 
nerv(‘ cc‘lls, bring about nanaisis. 

Only to the lirst of th<'S(‘ (]U(“stions has a, satisfactory reply bcaai 
givcai. The primary action of hy])noties, that is to say, t heir penetra- 
tion into luuwc cdls, apjiears to be dc^peiuhait on the possession of 
certain ])hysieal propcu'tic'S, while chemical properties, in th(‘ narroAV 
s(ms(‘, arc of no account. In fact, this action is a function of the 
solubility of the substance in fats. 

On tins conclusion is based the theory put forward independently 

‘ Valuablo iiifonnaiioa on (‘-arryiiig out the noccssaiy tests will be found in the 
following ])aj)orH : J)onig6s and Cholic, 0. It. ^oc. JSiologtCf 1912, 145, 101 ; Labat, 
77/<lsr (la Docloral, Bordeaux, 1912 ; Carnot, C. R. Acad, dcs Sciences, 1913, 197 ; 1914, 
7G, ()U ; Damiens, Hull. Soc. PhafTnacie, 1920, 27, 609 ; 1921, 28, 37. 
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of each other by Overton and Meyer, botl) of whom brino rorwar(i 
abundant experimental data to support it. The; theory may be; 
stated as follows : 

(1) Any indifferent chemical compound, sedublein lipoiel.s, may ha ve- 
a narcotic action on living protoplasm, provided that it cuu elil'fuse 
therein. 

(2) The effect first becomes apparent, and theai ie; tlie* greate.sl, 
extent, in cells containing a large proportion of lipoids, i.r., whei'o 
these substances are responsible for most of the cdl’s functions. 

(3) The intensity of the narcotic action may depend, iirsi, on l lic 
physical affinity between the narcotic sub.stane(;s in queslion and t he 
hpoids ; and, secondly, on their affinity witli otiicr cell conslituctds, 
particularly Avith waters It may be expressed, therefore, in Ua-ms of 
the partition coefficient, which indicates bow a substance; disscminalcs 
itself in an emulsion of fat and water. 

In brief, narcotics paralyse the protoplasm wlu'ii tliey can pass ini o 
animal or vegetable cells in sufficient quantity; and tin' high pro- 
portion of lipoids in the constituents of ncrv'c cells ;md I he fact 
that lipoids will dissolve hypnotic substances make it evident Unit 
there is a close relationship between narcotic activity and solidiility 
in fats. 

Experiments have been made on the dialysis of drugs Ihrougli 
artificial fatty membranes, the aim here being to devise ;i imrelv 
physical method of testing and classifying hypnotic compounds. 
The results obtained are of considerable interest. 

To begin with, the permeability of a castor-oil collodion membrane 
to solutions of salts was investigated. It was found that I he sail did 
not pass through the membrane if this contained more than 2-5"„ of 
castor oil, and only easily if there were less than 2%. 'I'hc linii't of 
permeability was between 2% and 2-5%. ' 

'iAhen, instead of solutions of salts, solutions ol va.rious di’ugs wci'e 
placed in the dialysing vessel it was found that only hypnoih; sid;- 
stances were able to pass through the membrane. Even such com- 
pounds as antipyrine or aspirin were hold back, but veronal, sul- 
phonal, trional and the like diffused out, some more slowly th.ni 
others certainly, yet all without exception. 

Some experimental details may be quoted here. 'I'hc actual lest 
is carried out by preparing a capsule or thimble of collodion coni ainin.r 
8% of castor oil ; introducing into it 10 e.c. of a, saturated a(|ucous 
solution of the hypnotic compound ; immersing it in a small beaker 
containing 50 c.c. water, so that the level of liquid within and wit hout 
the capsule is the same; and after thirty-six hours titrafin-r <„• 
otherwise determining the amount of hypnotic present in the ouLsith; 
solution. Working in this Avay it was found that : 


^ The amount of oil to add to the collodion doubtless dononrlsi i Ea aa v u - 
tu oollodioa and the thickness of the membJaae {Thiehtf of 
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From a solution of - 


Iledonal containing 0*080 gm. in 10 c.c. there 


Veronal 

Sulphonal 

Aponal 

Neuronal 


0*081 „ 
0*025 „ 
0*050 „ 


?? 

5 > 


passed out 0*0524 gm. 
„ 0*041 „• 

„ 0*0074 „ 

„ 0*022 ,, 

„ 0*025 „ 


Although no conclusion can be drawn from these results as to the 
action of hypnotics in the organism, yet one cannot fail to note the 
general concordance between them and those obtained by Overton 
and by Meyer in their studies of the distribution of hypnotic substances 
in a, fat“ water system. 

The partition eoefTicient is not necessarily the simple ratio between 
the solubility in water and the solubility in the fat. The actual method 
of ch'tcu'inining its value is as follows, and this serves also as a definition 
of th(‘ tc'rin for our purpose. A solution of the hypnotic compound 
in water, of a known titre, e.g., 2%, is shaken with an equal volume 
of oil for several hours. The mixture is allowed to settle and the 
amount of tlie hypnotic remaining in the aqueous layer determined. 

Suppose* i hat it is ()*2*}(). Tlien, for 1,000 parts : 

9. h'or (‘nrl her (l(*lails, Overton’s book ^ on this subject shoukl be 
eonsulh'd. 

()v('rl()irs inve'sligations are* the most extensive yet made on 
hypn()li(‘s. Ills r(‘sulls have' h'd him to put forward tlie generalisa- 
(ions lo which r('l(‘re‘ne(' has alre'ady b(‘('n made* in the* se'etie)n elealing 
with th(‘ classilical ion e)f ihe*se e'ompounds. Kiirther dise'ussion is 
nnn('C('ssary h('r(‘ ; but tin* following points are we)rthy e)f notice : 

VVlu'n two isonu'i'ic e'ste'rs are com|)a,re'd, for e'Xainple, amyl acetate 
and ('I hyl valerate*, it is e)l)se'rveel that the latte*r has a. much more 
pole'id hy[)notic ae*lie)n than the* fe)rme*r, anel (hat this ee)rre'sponds 
wit h a eliff('re'ne*e' in ])hysie‘al ])re)pe*rtie*s. The* iM'iie*! ration e)f hypnotie's 
iido 1 he* living e*('ll linds, tlu're'fore*, in ()ve*rlon anel Me'ye'r's ]iypot]u*sis 
anel the* pre'e*ise* e*xpe'riine'ntal re*sults the'y have* bre)Ught re)rwarel, a 
satisraete)ry e*xplanatie)n. Ihit the* me*(*hanism by whie*h hypnotics 
act e)ne‘e* they are* insiele* the' ee*ll, with its mixture of lipoids anel ])hos- 
phatieh'S, is still obscure; ; although many explanations have been 
oi'fe're'el, ne)ne* can be* re'garele*el as entire*ly sat isfaeteny. 

A nuin])e'r e)!’ pe)ssil)ly relevant facts have* be'e'Ji ohsc*r\r*d, and one 
of t lu'se* she)uld be mentie)ncd, without, he)we‘ve'r, inh'rring that it is 
significant. Certain basic dyestuffs, for example, methylene* blue, form 
ee)lourle*ss /nu^o-eompounels when re*due*e*el. Now Ehrlich ed^served 
that after an injection of me*thyle*nc blue, the brain eT a normal animal 


' l^hidu'ii Uhvr NarJeoffr, Joiia, 1901. 

“ According to 'traube, surfaco tension is tlie most im])ortant factor determining the 
penetTation of hypnotic substances into the cell. 
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was not coloured ; probably, therefore, the leuco compound had bccm 
formed. But the cortex of an animal aniesthctiscd with of lu/r was 
found to be dyed a bright blue. Doubtless the explanation of ( his is 
that in the first case the nerve cells arc systems in whi(*h actixa^ 
oxidation is taking place, and therefore they act as powerful nalueing 
agents, while in the second case the cells are inae(iv(‘ and 
reducing jDower diminished. 



CHAPTER VI 
LOCAL ANAESTHETICS 


Few applications of chemistry to therapeutics have given results 
so satisfactory to investigators of all kinds as those with local anaes- 
thetics for subject. Not only has every detail of the constitution of 
cocaine been revealed by analysis and its synthesis effected in con- 
hrniatioD, but a number of synthetic compounds, conceived by in- 
genious chemical brains and produced in substance from more and 
more simple components, have appeared as competitors with this 
alkaloid, and, in fact, would have displaced it altogether if its use for 
illicit purposes were not a chief reason for its commercial importance. 

Most local amTcsthetics arc derivatives of amino-alcohols, or, more 
precisely, of compounds containing at least one amino and one hydroxy 
(alcoholic or phenolic) group, for the molecule may contain other 
gronj)ings of not too })ronounced a character, such as that of an ester 
(cocaiiu*). 

It s(‘(‘ms n(‘C(‘ssa,ry that the alcoholic hydroxyl should be csterificd 
by an acid for anjcstlulie propertic‘S to b(‘Come manifest. Hitherto, 
th(‘ acid us(‘(l has lu^arly always hwA\ Ixar/oie or aininobenzoic, and 
oiH' might say that all benzoic esters of amino-alcoliols are aninsthctics 
to som(‘ (‘Xtent. It will l)e seen later that the benzoyl radical has no 
sp{‘ciHc. ((naliti(‘S, but it docs appear to be the most valuable. 

Som(‘ sj)(‘cial local aux'sthetics, i.e., those which act principally on. 
th(‘ (‘xposed dermis, such as Orthoforni, arc again both c'sters and 
aminc's ; bul iK're the amino group is a substitiumt in the acid part 
of th(‘ mol(‘enl(‘ and is not attached to the alkyl radi(‘al. It is obvious, 
in facl, I hat isonu'rism of this kind is possible^, thus : 

C(5lIr>‘LOyCI [yCn2N< an ajuinoethyl bcnzoat(‘, 
>-N-C(jiryC()2-C'n2*Cir3 = an ethyl aiuinobcnzoatc'. 

Otheu's are derivatives of ph(mohe ethers, for (^xainph*, Acolne, 
Ilolocaine. Recently, in America,, benzyl alcohol also has been 
introduced. 

Th(‘ following types, at least, must tlua-efore Ik* eonsitkacd : 


(1) ColIs-COa-Cll • • • • (Troimeocainc, Stovaine); 

NR 

( 2 ) ^Nn-C8II4-C02-CH. • • • • {Anastlwnine ) ; 

R/ 

( 3 ) C6ir5-CO,Cn(CO.,ClLj).N<^^ (Cocaine) ; 
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( 4 ) >N-C 6 Hi-C 02 -CH 


(Nox'orahi'C) ; 

\r 


(5) R-c/^ ■C6H4-OR . 

\nHC6H4'OR 


^dL 

CHj j, CH-COjCjHs 


( 6 ) 


CH, 


N 1- 

CH 
II 

CH 

-oi'^ 


CHi-CHiCHi-OCO-qH^ 


{Eceaine -’Bnuui) ; 


(T) CgHs-CHa-OH (Benzyl alcohol). 

Lastly, just to show how anaesthetic propc^rtic^s are (list ribuit'd 
among the (iifferent families of chemical compoiiuds, a.n\inoj)yridiiu‘ 
may he mentioned. 

Besides compounds of the above classes, wliosc' constitution is 
definitely established, there arc a number of aiucstlK'lics among t Ik* 
naturally occurring alkaloids of as yet unknown const itution, such as 
ibogaine, corynanthine, yohimbine. Here, of course*, it is in)j)ossil)lc 
to '^gay how far anaisthetic activity is associated with spcs-ilic atomic 
groupings. 

We mil examine these various groups of compounds oik* after t Ik* 
other, paying particular attention to tropacocainc, the E(fcaiim\ and 
cocaine itself — the typical local anaesthetic, the subject of souk* most 
important investigations of which the outlines, at any rat(*, should lx* 
known. 

Cocaine. — Cocaine was isolated by Niemann in 1.8G0, atul has sinc<* 
been studied by Lessen, Einhorn, Ladenburg and Mcrling, to nK*ntion 
only important names, but it remained for WilLstatt(‘r to carry through 
the outstanding investigations which concliisiv(*ly cstablish(‘d ils 
constitution. 

Cocaine is an ester of benzoic acid, for wlien it is treated with nK*th\d- 
alcoholic hydrogen-chloride, it loses benzoic acid, which r(*ap|)(*ars as 
methyl benzoate, and yields the methyl ester of an aininodiydroxy- 
acid, namely eegonine : 


CH^- CH CH COJI -CILCO2CII3 - Cl r C(),CH, 

NCHo CHOH < CHOH < ClLOCO Cdl, 

11 I I 

CH2— CH CHa — CH2 CII2 

Eegonine. Methylecgonine, . Cocaine ^ BeiizoyC 

nietliy I eegonine. 

Cocaine contains a second ester-gronping, viz., CO2CH3, for w]K*n 
treated with aqueous hydrochloric acid, not only is tlic benzoyl 
radical hydrolysed off, but also the methyl group and eegonine, the 
amino -hydroxy-carboxylic acid, is produced directly. 
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Cocaine fv derived from a tertiary amine, for it takes up only one 
nolecular proportion of metliyl iodide. 

The nitrogen atom in cocaine is attached to only one methyl radical, 
or when the substance is oxidised by appropriate methods, it loses 
)nc methyl group to give norcaine, and further, when it is demethy- l! 

ated by treatment with hydriodic acid only one methyl group is 
?plit off. 

The above facts being known, there remained to decide how the 
leterocyclic nucleus was constituted, and this was the aim of Will- 
itatter’s brilliant research, the essential results of which will now be 
")iitlincd. 

Eegonine was oxidised with chromic acid and produced an amino 
naiiKiy, tropinoiie. The hydroxyl must therefore form part 
:)!* a. secondary aleolmlic grouping. This discovery had another 
interesting result, in that it showed how cocaine and atropine were 
rc‘latc‘d, since tropine, the parent base of atropine, also gave tropinone 
when carefully oxidised. This relationship is demonstrated also by 
tlu^ fact that eegonine, or l)etter its dehydration product, anhydro- 
eegonine, loses (‘arhon dioxide when heated witli hydrochloric acid to 
2<S0'’, (‘orming fropidlne, that is to say, anhydrotropine, a product of 
I 1 h' ([('hydration of I r()])ine. 

To eslahlisli the eonslitiition oftropine would carry one along way 
towards that of eoeaiiu' ; n'turning tlu'refore to tropinone, it was 
found I hat : 

llie kelotiie group in Iropinone is sltnafed belween two methylene 
groups, for, on tn'alnu'nt witli nitrous ac'id, it gives a dinitroso- 
(h'ri val i V(‘, and with henzahk'hydc' it forms a dibenzylidene com- 
pound : 

- c cir cuit, 

I 

(!() 

I 

- c: c n 

I'he iropinone nucleus contains a ring of seven carbon atoms, i.c'., 
tropinone is a derivative of cycloheptane, for when it is oxidisc'd it gives 
( ropinic acid : 

CHo ClI ClIcCOJI 

I 

NCII, 

I 

cir.- — cii- coon. 

When tropinic acid is cstorific'd, treated witli inetliyl iodide and 
degraded by Hofmann’s exhaustive nietliylation method, an un- 
saturated pentadiene-diearboxylic aeid is obtained wliich, when 
reduced, gives pimclic acid, identical with the synthetic product, 
COjH-CH^CHs-CHa-CHa-CHa-COaH. 
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These transformations find their explanation only in the rollowiinr 
formula: : ^ 


CH, 


-CH— CH, 


N CH, CH OH 


CH, CH CH, 


CH, 


CH, 


-cir-^- CII, 

I I “ 

N-CII., CO 


. -CH- c:h. 

Tropin e. Tropin one. 

Ecgonine, therefore, has the same nucleus as tropine, and 


ils 


hydroxyl group occupies the same position as in that, compound, 
there remains to locate the carboxyl group, and th(‘ jiosition of lids 
IS already indicated. As eegonine is ultimately oxidised to (ropiidc 
acid, a dibasic acid and a derivative of mcthyliiyrrolidine, the carbo.'cvl 
group cannot be in this pyrrolidine nucleus, for if it were, tropiide acid 
TOuld be tribasic. But, again, it is not attached to the sam<‘ carbon 
atom as the hydroxyl group, since Willstattcr synthesised tl.is <.om- 
pound and found it to be quite different from the natural ,,ro<luel 
Eegomne is therefore simply tropanolcarboaylic acid (Iroi.ane boino 
hydrotropidme), as shown here : 1 - ' 

CH,-CH CH, (CO,H) 

N-CH, CI-L (OH) 

I I 

CH,-CH CH,. 

froSub^ron (optically inactive) starliim 

he c«edt,op.„o.i,.. This suhs.an)) ™ “ 

mann who obtained analytical results wliicli sliowc'd Unt if s f n ' • * i 

formula was tl^e same as that of benzoyl-tron 7 , t r’’"'"''''' 

would be hydrolysed to give benzoicTeid 7 t 
tropine, namely, psendo-tropine. To Willstattet 'r"' " 

knowledge of the nature of the isomerism ‘7 ft , ‘ 

they were shoivn by him to bp tbp • i ^ f()ni])i)nnds : 

active amino-akohol. <Tl i-dlv 

Thus, both tropine and p^mdo-tropine were found to n , ■ 

when oxidised by Beckmann’, V / , ^ ywhl tropmone 

•cid). MoreovJ. X„“ ", '"'“'T 

t-opi,.e „ p"-' 

again, when tropine was heated r employed, and 

alcoholic solution it was transform l ! ” mnyloxide in a,n.>d 

tropine is therefore the stable ?orm B„7 Pseudo- 

the benzoyl derivative of pa^ndo-tropine ^vas17i7l to = 
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the naturally occurring tropaeocaine, a powerful anjusthctic. The 
l)enzoyl clcuivativc of tropinc seems to be both a weaker anaesthetic 
and less toxic, but now tliat local aujesthctics are becoming more 
intimately known, tins statement needs confirmation. However, 
tropine. derivatives do possess properties which arc lacking in those 
of ^;.s*(^wdo-tropine : they show mydriatic activity. The phenyl- 
glycollyl derivative is the most potent in this respect. 

Eucaines. — ^The influence of stereoisomerism on physiological pro- 
perties has now been demonstrated in one instance. Similar pheno- 
mena will be found to characterise the Eucainil group. 

a~Eucaine is a cocaine in the sense that :jp;n^olecule contains an 
amino-grouping, a, hydroxyl group as the benzoyl ester, and a car- 
boxyl group as the methyl ester. The par|||| compound of a-Eucainc 
is triaeetonainine, the condensation prodxip formed when acetone 
and ammonia, rc'act together. When triacelpnamine is treated with 
hydrocyanic acid the eyanhydrin is prod uc|<i. This is then simul- 


taiu'ously hydrolysed and csterified by the action of metliyl -alcoholic 
hydrochloric acid. The hydroxyl grou}:) is benzoylatcd and finally 
tlu' iniino group is tnethylatc'd, thus : 


/CO 

CH, \-H, 


CH, 


CR^^^OH CH 30 Ca^X)H CH^OCO^^OCOC^Hj 




CR 




^ m CH, — CH, 




NH 



4'h(‘ nioh'cuh' ol’ H-haieaiiU' is syninu^l.rieal and il eim form no slercs)- 
isom(‘rid(‘S, optically aelivc' or ()lh(‘r\vis(\ II, is iiuhnsl obvious at 
the first ghmc(‘ I hat wh(‘lh(‘r t he Ixuizoyl group b(‘ abo\ (‘ or b(io\v 
th(‘ plane of th(‘ ring (llu^ carl>oni(thoxy group Ixang liusi on 
tlK‘ opposite side) makes no dil'ferene(‘~ - il is always llanloal by the 
four symmetrically situated methyl groups, 'riu're is therel'ore no 
a-Eucaiiu^ corresponding with j:>.9(?i/do-tropin(‘.^ 

ir on(‘ of the four methyl groups in triacetonaminc' be rc^plaeed by 
hydrogen 1 , the symmetry of the mok^cule is destroyed. Vinyldi- 
acetonamine (Heintz) is the common name of the compound of this 
constitution. It is obtained by condensing diacetonaminc and 
acetaldehyde : 

^ It should be noted in passing that cocaine may exist in two stereoisomoric forms, 
and that there is no evidence that naturally occurring cocaine is not derived from 
pseudo although its mydriatic properties would suggest its relationship with 
tt’dpine. (But see now Willstiitter and others, loc. cU. — Tr.) 
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This compound is a ketone, and the correspondingly nleohol (‘*alk- 
amiiie”) may be obtained theoretically in two Avays ; (itli(‘r by 
reduction (Fischer) or by treating the amine, 2 : 2 : (>-( rinn*! hyl- 1- 
amino-piperidine, Avith nitrous acid, R-NIIg IbOi r (IFanak's). 

Actually the products obtained by these two methods wer<‘ not. 
identical. That from the reduction of the kcton(‘ was a, niixt un* and 
was separated into tAVo isomeric compouiids, nuiling at I.IS " and 
168° respectively ; the second of these was found to b(‘ th(‘ sam(‘ as 
that obtained by Harries vidthe amine. Continuing ihe invest igatioii, 
Harries shoAved that the isomeridc melting at 168° was transibrnKal 
into that of m.p. 188° Avhen it was treated Avith sodium aniyloxidt* in 
amyl alcohol, the conA^ersion being analogous to that of tropiiK' iidn 
pseudo^troimie, studied by Willstatter. This paralldism appears 
again in the physiological properties. The benzoyl derivaiixa^ of t h(‘ 
stable form is a potent anaesthetic Avith no mydriath; adion ; it is 
jB-Eucaine. On the other hand, derivatives of the unstat'h' form 
possess mydriatic properties, particularly the N-mcdhyl planyl- 
glycollyl derivative, which is knoAvn as Euphtalmin. 

The diagrams beloAV will demonstrate more clearly hoAV it. is (hat 
triacetonalkamine (III) cannot form stereoisomerides, whil(‘ vinyldi- 
acetonalkamine and tropine can (I and TI). 



In III transposition of the H— and the —Oil docs not alter the 
configuration.^ 


stovaine.— The splendid research work whicli led to the syntliesis of 
the eucaines had as its aim the manufacture of artificial aiuesthetics 
with, as far as possible, similar properties to those of the natvmd 
products, cocaine and tropacocaine. The discovery of Stovame l.v 
E. Pourneau resulted from considerations of quite another order 
1 These diagrams are iatended to indicate how the functional cronnin™ ! ' 
arranged m space The student will find stereochemiLrmZ into liS^lf ^ 
makes models (cork and wire) for himself, Tr. ^ JAteiiigible if ho 
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Fourncau reasoned that as the piperidine nucleus always appears to 
eonier toxic properties on the compounds of which it forms part, a,nd 
yet sc'citis to have no outstanding qualities as “ anxsthesiophore^’, 
since a number of local amcsthctics are known which are not derived 
from it, so it should be possible to prepare compounds in which the 
groupings characteristic of cocaine and tropacocaine are attached to 
a simpler skeleton. His investigations, therefore, started with the 
simpler amino-hydroxy-acids and amino-alcohols with tertiary amino 
groups. The simplest member of the first class is dimethylaminolactic 
acid : 

(CH3)2NCH2CII(0II)C02H. 

It is evident tliat in this compound there arc all the functioning 
atomic groupings characteristic of eegonine, and so the benzoyl deriva- 
tive oF its methyl (‘st(‘r : 

(cir3)2Ncii2CircoxH3 

ococAh 

may be regarded as cocaine reduced to its simplest terms. 

This substance was not actually prepared because of certain prac- 
tical dilUcultics, and, moreover, it was found in the course of the 
investigation that (‘ompounds whose molecules contained acid radicals 
elusl(‘r(‘d lusir ih(‘ amino group w(Te not W(‘ll adaptc^d to injection. 
Nev('rl lu'h'ss, 11 k‘ nt^xt highc'r homologue was prej)a,r(Ml, as being very 
int(n’c‘sling from a, tlu'orelical point oF view ; this (‘ompound, the 
N-dinu‘lhyl d('rivativ(‘ oF amino hydroxy/’.vo butyric acid, is easily 
ol)lain(al From dimet hylaminoa,e(ton(‘, by a. s(‘ries oF nsielions (‘xactly 
similar to thos(“ l)y wliieh (meain(‘ was produec'd From triaec'ton- 
amiiu^ Tlu‘ hydrochloride* oFthc* benzoylated nuthyl-dimethylamino- 
1 \ y e I i-e ) x y -iso-hn tyrat e* : 

(di.>*N((!n-,)Ji(^i 

I ■ 

CCU'.IL, 

is a pe)tc'nt ameslhelie*, quite Fe*c‘bly Le)xie‘, hut ve*ry irrilaling lo f lu* 
tissue*s. The? amino-hydre)xy-acid seric's was th(*re‘For(.‘ alamdoiu*d 
for the time. 

The simplest compound anale>gous te) tropaeex*aine* in the* above 
sense is dimethylaminoe'thyl benzoate : 

(Cll3)2NCIl2CIl20C0C,Il5. 

This substane*e, already known, possesses very feeble amesthetic 
propcrtic'S, anel the preparation of its homole)gues for systematic 
investigation was at one time not an easy matter. Indeed, amiuo- 
alcohols, as a class, were compounds of which very little was known ; 
some, but not many, of the aliphatic series, and still fewer of the 
aromatic series, had been studied. Now, with the aid of Grignard’s 
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reaction, an extensive series of these compounds has pn^parcd 
and several of them have been investigat(‘(i by FounKsiu. 

Application of the Grignard reaction furnislu's tlins' typt‘S of 
amino-alcohol according as (1) cpichlorhydrin, (2) ehlora<‘(*ton<‘, or 
(3) ^-chloropropionaldehyde is used, viz,, 

(1) R-CH(OH)-CII>*N(CH,)., ; 

(2) cir3 Cii(on) CH2 N(cif,)., 

(3) RCH(OH)-CH 2 -Cir,*N(Ciy,. 

The actual preparation involves treating a, ehlorohydrin with a 
secondary amine, thus : 


CH,— CH-~CIIoCl 


E-Arg'IJr 


Y 


ii€ir.yCir(on)ciu:i 




i{ciu;]r(()ir)(!ii,N(('ii,) 


CH,-COCH,CI 


E-Mu-llr 


R\ Niifiii.y, 

^ >C(0II)-C1L,C1 - -4 

CH/ " 1{\ 

cir,/ “ 

CHO-CH,-CHaCJ R.CH(OH)-CIT,CILyC;i ""‘' '4' 

RCIl(OII)ClL(:iI,,.N(t:iI,,),. 
The first of these reactions cannot be carried out wil li ahphiiiie 
compounds alone. Of the other two, Fourneau chose tli<‘ first for 
extended application, because at the time acrolein was not; readily 
obtained in quantity ; later, when it became possible; to invest i-mre 
both series, the results only served to confirm his choice. 

Thus It is that Stovaine is a member of the series of aniino deriva- 
tives of tertiary alcohols. It is the hydrochloride of luetliylcthN ldi- 
methylaminomethylcarbinol benzoate ; 

CH-N(CH3)2-na 

CaHj-CO-COCgHs 

tH3. 

Its preparation need not be described in detail, as it is uiveu in t be 
practical part of the book. n in uu 

Alsrpine. — 

/CH2-N(CH3)2HC1 

CHa-CHa-C-O-COCsHj (Pritz Holinaim) 

\CH3-N(CH,,),. 

This is dimethylamino-stovaine. It is somewhat toxic and is 
used to only a limited extent. It is made by taking diehloraeetonc 

SloTattone!"™'^™''^^ 

An^sthesine and the Orthoforms, Nirvanine, Novocaine.— All those 
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JnciMhemie (Bing and Kobert) is ethyl p-aminobenzoate. It is 
almost exclusively used in making pastilles for the throat. Scuroform 
is '//"butyl j>aminobenzoate. 

Novocaine (Stolz) is diethylaminoethyl -p-aminobenzoate hydro- 
eliloride, NIL/C 6 rr 4 ‘C 02 CH 2 *CH,-N(C 2 l^^ Whilst the corre- 

sponding ester of benzoic acid itself is not worth calling an anaesthetic, 
its amino derivative, Novocaine^ is very definitely active. Neverthe- 
less, it is never employed by itself as it is too diffusible, but is always 
administered in conjunction with adrenaline, the latter causing a 
c 5 n traction of the blood-vessels and so retaining the anaesthetic near' 
the place of injection. 

Novocaine was selected from a widely varying group of esters of 
meta- and p-aminobenzoic acids with numerous amino alcohols. It 
may be made in several ways, thus : 

( 1 ) The chlorocthyl ester of ^/-nitrobenzoic acid is treated with 
diethylaminc, N02-C6H4-C02CHyCH2Cl + NH(C2H5)2, and the nitro 
group then reduced. This is an unsatisfactory method, because the 
replacement of the chlorine by the dicthylamino group is accompanied 
by a secondary reaction in which some of the nitrobenzoyl radical is 
sj)lit off and reappears as dicthylnitrobenzamide ; 

(2) Anji'sthesine is laaited with diethylaminoethyl alcohol ; 

Dielliylaiuinoetiiyl alcohol is estcrified by treatment with 

y;-nil robc'nzoyl chloride and the product reduced. 

Tli(' Orfli.ojorvis arc esters of aminohydroxybenzoic acids. The 
olde r Oiihoronn is methyl p~aniino-?/i-hydroxybenzoate (I), the 
iH'wea- one Orlli.oforvt. nen,- - is th(‘ ///-aniino-p-hydroxy derivative (II) : 



COfH^ CO.CH^ 


Oii hofoi ins act only wluai Ihe surface nerves arc laid bare. They 
iiw usc'd in I lu' form of fn^e base, not as a salt, and applical as a. 
powd(‘r, or in ointments for dressing ulcers, sores and (‘happed places, 
(‘te. Orthoform salts are strongly acid to litmus ; attempts have 
b(‘en made to remove this defect by I'cplaeing the nuclear amino group 
by on(‘ forming part of an aliphatic radical (Einhorn). 

Nirvanine is the hydrochloride of the dielliylglyeoeol! derivative 
of nu‘thyl p-arnino-o-hydroxybenzoate : 

NH-C0-CHi-N(QH5)iHCl 

CO^^GHj 
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The method by which Nirvanine is obtained i’roiu a,ii orl holunn is 
a general one widely employed. It consists in tivating t in- aromatic 
amine or phenol with chloracctyl chloride and then replacing the 
clilorine by an amino group ; 

/OH /Oil 

Orthoform -^CeHa-NH-CO-CHaCl NH-CO-CHvN(('dI,,)„ 

Vo.CHa \CO./H, 

Nirvainnc. 

Guaiacol->CeH,(0CH3)0-C0-CH,Cl 

(iUaiasdiioL 

Holocaine, — Holocaine belongs to a scries of corHiioiintls 
different from those above, which arc, more or less, aniiiioaleohols ; 
yet there are some points of resemblance. It is an aiuinoplu^nol 
derivative, the hydroxyl group being, however, not I)(‘nzoyIal,(‘(l, but, 
alkylated, i.e., the substance is a phenolic ether. Thus it is n'nll y n 
phenetidine derivative. It is not the only ainiuo|)henolie (‘Iher lo 
show anaesthetic activity; quinine is another exainplt', and possibly 
all aminophenolic ethers have some anaisthetie propc‘rli(‘s. 

Holocaine is prepared by condensing together pIuMielidiiu* and 
phenacetine in the presence of phosphorus trichlorides 

CH3.c/N.C,H,OCJ-I, 

NN-CeH^-OC^Hs. 

It is a powerful anesthetic with a rapid action, bul. being more 
poisonous than cocaine, it is scarcely used. 

Acoineis in the same class ; it is di-p-anisylinonoplu'iielyl guanidine 
hydrochloride : 

CaHjOCeH^-N = C : (NII CJIpOCIL,), 111:1. 

This compound is prepared thus : dianisylthiourea (-tliioearbamide) 
is treated with phenetidine and some agent to take up sulplmr 
(Goldschmidt). 

Acoine is not as toxic as cocaine although quite; as acti\i' an 
anaesthetic, but it irritates the tissues and is sparingly soluble. 

There should also be mentioned Apotkesine, which is llu' einnamic 
ester of diethylaminoprojeyl alcohol : 

CeHs-CH : CH CO OCH3-CIIa-CII,N(C,n,)„ 
and be)izyl alcohol, which has been put forward in America (Maelil ). 
The latter does not, however, appear capable of wide; application, for 
it is an irritant. 

Eccaine. — The most recent anaesthetic is a derivative of ccg'onidiiK^, 
introduced by von Braun. i It is stated to be only as poisonous as 
cocaine and a more active anaesthetic. In this new series aiuesthetic 

1 Ber., 1918, 51, 238. 
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|)ol.(‘ii(*y (l(‘peiKls on the si/^e of tlic aliphatic radical attached to the 
nitrogen atom and decreases as this increases. 

THEORETICAL CONSIDERATIONS 

The Constitution and Anaesthetic Action of Local Anaesthetics. — 

We have now studied local anaesthetics from the chemical point of 
view in as much detail as is necessary for our purpose, and can turn 
our attention to tlie conditions regulating their essential physiological 
pro])erties. 

Consid(‘ri ng (*()eaine first of all, it can be said that if the N-methyl 
group be rc^plaecal by hydrogen, no appreciable alteration in physio- 
logical propci'tic's will result. Actually /^-Kucainc* has no N-methyl 
grou]). All tlu‘ same, wlien preparing these anmsthctic compounds, 
(ku’ived as tluy are from amino alcohols, it is an advantage to have the 
amino group tertiary, as then the hydroxyl group may be more easily 
bcm/oylatial, there being no risk of a second benzo^d being taken up 
by the amino grou]). 

If (‘ocaine be subieet(‘(l to hydrolysis so that the methyl group is 
delaelu'd and bcmzoyl-eegonine formed, aiuesthetie activity is lost, 
ibr it is a gX'iK'ral rule that acidic substances have no pronounced 
physiological propcatic's and are usually not very poisonous. 
Tyrosiiu', ir()*('(5l r4*CH2ClI(NIl2)-C02lI, is a typical case in point; 
llu‘ acid its(‘ir is not toxic, but its nu^thyl ester is a violent poison. 
Tlu‘ ri'placi'numl of nudhyl by otlua* alkyl radicals appears not to 
bring about any noic^worthy alteration in properties, })ut investigation 
along t h(‘st‘ liiU'S has not beam carried v(‘ry far ; aromatic radicals, for 
(‘xampl(‘, have not ytt, h(‘(m studied. , 

Moreover’, is ther(‘ rcadly any necal for the carbouKthoxy group to b(‘ 
present? Apparcmtly not, as it is absent from many other ames- 
lluties. And wlum oiu‘ considers that (‘ocaine is more toxic than 
t ropacoeaine, it may l)(‘ thought that th(‘ carbomethoxy group is 
acfually d(‘l rinuad al, hut them it fuust not be forgotten that (*oeaine 
is not a (h'rlx'al iv(‘ ol“ p.sxvu/a-l ro])in(‘, but of tro])in(‘ (at kaist if any 
conclusion can Ik* drawn IVom its mydriatic prop('rti(‘s), and its 
poisonous nature* may he* Ihus (*xplain(‘d. On the other liand, it is 
])ossibk‘ occasionally to eonijiarc txvo closely related amestheties, 
difk'ring oidy in that a methyl group in the one* is replaced by a. 
(‘arbomethoxy group in the other, and in one of these rare instance's 
it was (k'lnonstratcel that the carbomethoxy derivative* was much less 
loxic than the edher (Fourneau). The two compounds in question 
are* re*presented l)y the formiihe : 

FOAH, Cir, 

r ' I ' 

('ll., COCOCcHr, Cir.,— ■<J-OC.O('.„H,r, 

CH2-N( CHa).. CHo-N(CUa)- 

M. ^ 
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There is, therefore, not only no justiheatioii for ruliiio* oul (•oni})I(‘( <‘1 y 
the amino -hydroxy-acids as starting materials in local anasl hct ic 
research, but, on the contrary, tliis observation suggests that (hey 
should be given preferential consideration. 

A most important question will now oeeu})y our attention. It is 
essential that the hydroxy group be esterihed ; neither a five amino 
alcohol nor an amino-hydroxy-carboxylie esteu’ is an arnnsl h(‘l ie of 
itself. But for this purpose is benzoic acid indispensable^ ? Not at 
all; aminobenzoic acid is more active, as has alre'ady b(*(‘n shown. 
In fact, the benzoyl radical may be replaec'cl by any home>logue or 
aromatic congener. So far, however, no advantage^ iias bessi gaine'el 
in this way, but it does seem that cinnamic achl intensilie-s the* 
anaesthetic property. . Enough experiments have ne)t yet Ix'e'n made* 
on the replacement of the aromatic acid by fatty a(*i(l radicals Ibr 
sound conclusions to be drawn. Above a c(*rtain molt*cular we'ighl, 
fatty acid derivatives certainly arc amcstlietics (Fourne'aii). H‘y<h*e)- 
bcnzoic acid, which is really an aliphatic acid, yic'lels st re)ngly ana*s- 
thetic esters (Madinaveitia, Cano and Ranc'do).* 

Much de|!)ends on the nature ot tlic alkyl radical. I)(‘ri\'al i\‘es e)! 
primary alcohols have hardly been investigat(*d. l^h('\'' are* not e'asilv 
prepared, as the only general method consists in rc'chieing the* <‘st('rs 
of dialkylamino derivatives of fatty acids (Gault). Novocaiiu* is t lu* 
only example of a primary alcohol derivative^ ; it is (|uil(‘ mildly 
anaesthetic, but as no isomerides exist, no comparisons can lx* made. 
To make a comparison derivatives of butyl alcohol should b<* inwsi i ' 
gated , here at least three isomerides arc ])ossibl(', c.g. : 

CH3 CII, CII(0H) CH,N(CI I,), ^ 

1 he only published instance of two isomerides bein^r direcl ly eoni- 
pared IS given 111 a paper by Lauiioy and Fuyiinori. The twl) cone 
pounds in question were the benzoyl derivatives of tiu' followinu 
amino-aleohols : " 

CI-L-€H2CII(01I)Cir2ClI.,N(t:iI,)„ 

CHv€H,-C (OH)-^ CTC • N(CI I j!. (.SVoiviiim) 


c It vas found that the derivative of the tertiary alcohol was bol h 
more toxic and more active than that of tlic secondary i.sonim-ide 

It should be pointed out that a better comparison could have belm' 
made If the hydroxyl and ammo groups had been adjacent in both 


But, yet again, is 


the situation of these groujis relative to om 

^ tSee note at ond of chapter. 
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Miiother a matter of importance ? Most decidedly so — because it is 
one of tfie factors on Avhieh the ]diysical and chemical properties 
depend ; the salts of benzoyl esters of /3-amiiio-alcohols are acid to 
litmus, but those of eorr(\spondiuo' esters of amino-alcohols with the 
groups more widedy separab^d are quite neutral in reaction. This is 
a, little known generalisation which may have considerable practical 
importance in estal)lishi ng the constitutions of certain alkaloids. 
For example, long Ix'forc^ cocaine and tropacocaine were thoroughly 
investigated one could just ilia, bly liavc asserted that the hydroxyl and 
alkyl-amino groups weu' not adjaccait, but that in the case of ephe- 
driiK^ the contrary hcvld and the two groups werc^ close to one another. 
In rc‘scarc*h Avork dirc'ctc'd towards new" local amesthetics interest 
should ther(‘f(m^ 1)(‘ (*oncentrated clhelly on the y-amino-alcohols. 
N(‘\x‘rtluiess, tlu‘ transitory irritant effect observed when the 
rivatives are dropped into the eye and the slight pain following 
hypodcTmic injection cannot be attributed to their acidic natur(‘, as 
these disadvantages an* posscsscxl (‘qually by both isomeric com- 
pounds investigated by Launoy (see above), to quote but one example. 
The caustic action on the* tissues and the irritation to the eye certainly 
d(‘pcnd on the proj)('rtic‘S of the iVc^e ])asc (the base is liberated imme- 
dial(‘ly in eitlua* blood or t(‘ars). What (dfect the varying separation 
of lh(‘ two acti\’(‘ groups has uj)on anastludic activity is not known. 

Problems relating to Local Ansesthetics still unsolved. The Need for 
Research. The Characteristics of a Good Anaesthetic. 

Already in this chapter (picsiioiis that arc* yet uusc'tth'd and obscure 
have* bc'CMi rc'lerrc'd to, and now we may rc'N’ic'W them again b\esuggesting 
dir(*(‘lions in which research may prolitably bc^ undertaken. 

(1) Vary the* acid us(‘d for ('st(‘rilieation ; make a. comparison, if 
necessary, of st ereoisoinc'ihh's with tlu* same* acyl group. 

(U) Study ainino-hy(tro\y-c/,e/c/.v and compare* thc'in Avith the* eorre- 
s|)onding ainin<>-al(‘( )hols. 

(f'i) In \ rsl igate deri \ at i\'es of aroma t ic* alcohols. 

( t) Study isome!*i(* aniino-al(*ohols : tor c'xaniple, prepare* for (*om- 
parison the isomerides of the (\;-ainino-alc*ohol se‘ri(*s (there* are* nine* 
of tlu'in, not (*oniil ing opt ical isome*ride‘s). 

(5) (loinpare* the* st{*r(*oisomeric forms of a partie*ular amino 
alcohol. 

dliis kind of inve'sl igation is of out standing importance* ; at ])rc*se*nt 
little* has he*(*n done* along such liiu*s. 

V(*t it may be* asked : what good will come* of this sort of rese*are*h ? 
Do w(* not. possess e\(‘(*lle*nt ana‘st hc'ties and arc* not be‘ttc*r on(‘s ditli 
cult to make* ? The* answc*r to such cpiestions is that it is possible* to 
e'flV(*t gre*at impr(n’c*me*nts and that the* ideal amcsthc‘tic has yet to 
t)c tbund. 
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What should be its properties ? A «'«><• anieslliel ic should : 

(i) Be easily soluble in water ; 

(ii) Be capable of undergoiiif? sterilisation by lieul in acpieous 
solution ; 

(iii) Be almost tasteless ; 

(iv) Possess no pronounced toxics projx^rl i(‘s ; 

(v) Cause no smarting sensation when ini ro(lue(‘(l uiuh'r I In* ey<‘- 
lids or injected under tlie skin ; 

(vi) Have a strong amesthetic acti()n, iivlcaise and cont inuous, hut 

not violent ; 

(vii) Have no permanent effect on tlu‘ n(‘rv(‘ lihnhs, and should 
pass away completely ; 

(viii) Show vasoconstrictive activity and wndcr lh(‘ lissu(‘s and 
surfaces with which it conics in contact liloodhhss : 

(ix) Be not too costly ; 

(x) Not form precipitates with hea,vy ni(‘tals (iJK'rcury). 

All these conditions, except (iv) and (x), arc' satistic'd by cocaine. 
The most widely used of the other ana'sthctics, Stovaine' and Novo- 
caine, both fulfil condition (iv), which indc'cd is I hc' most iiuj)orlanf, 
but neither of them complies with all tlu' otlu'rs. 

. Thus the ideal anaisthetie has yet to Ix' discovcu'ccl. Oiu' might 
now ask why it is that a given substance nuinilcsts aiia'sl h<'( ic' acl i\'il v. 
This question is not easily answered. 

Local anaesthesia consists in diminishing or tolally suppressing (In' 
action of the sensory nerves. The motor nc'rves and umsch's should 
not be affected. Thus tlu' local aua'stlu'fic has aclually an alhnily 
for the peripheral nervous system and paralysc's it ^vil houi pi'rmaiicnt ly 
altering it. What then happens wlx'U an aiucslhclic is in jc'clc'd under 
the skin or administered beneath tlu' c'yc'lid ? Kirsl of all, I Ik' base is 
liberated from its salt by interaction with Uu' alkaliiK* body (hiids. 
In the form of base the ainesthctic* is takc'ii up by I lu' nc'rvc' lll)r<'s, bn I 
the exact mechanism of this process is not known. Quite* likc'ly Ih'tc', 
again, the lipoids play an important part and the' action may lx* (at 
the beginning at least) a purely physical one*. One' thing is ce'rtain, 
viz., that little by little the alkaloid is rcmovexl by the* contimious 
irrigation taking place, and the nerve gradually n'cove'rs its normal 
activity. So it is possible that all substances dissol ving by pre'h're'iice' 
in the lipoids of the sensory nerves when inje'ch'd may function as 
anassthetics. Most hypnotics behave in this way and all are; local 
anaesthetics to some extent. It has alrc'ady bex'n mentione'd that 
benzyl alcohol is well endowed with tliis property. l)i hydro xy- 
phenoxypropane (glycerol inonophenyl ether) is likewise a. fairly 
potent anaesthetic, and everything suggests that many compounds, 
as yet untested, will come into the same class. 
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JSfofe , — Of still more recent products the following merit considera- 
tion : 

B«.%n,Nll2-CeH4<’OO-Cll2-CJl2-01l3-N(C4ll9)2-H01 (or.HaSO^). 

(Sec Applied C'licnmtry Reports, 1923, VIII., 159.) 

Tniocaine (Hayer), CIIs-CII-O-CO-CeH.-NIL (1 : 4) 

(:ii.,-cn-cn2-N(ciL,)2, lici. 

(See DenUchc Mcdizlinsclie IV oeh.en.se hr {ft, 1024, p. 539.) 
Psicaine (Willstiitlcr), acid tartrate of d - i// - cocaine, synthetic 
(sc'c footnote on ]). 58). 


Library '5 




X O 



CirAPTKU VI[ 


ANTISK1>TI(;S 

It is not easy to deal with the subject of aiil ise|)l ies, and Id do so 
satisfactorily would need volumes, not a. simile cliaiiler. So inncli 
preliminary knowledge is needed; one ought In know exaelly I lie 
composition of the contents of the living cell, what eheinieal reaeliniis 
and physical transformations arc taking place inside il, and how Ihe 
components behave towards foreign substances wil h whieli llicy come 
in contact. 

A living cell may be killed, not only if its inicrior idiysieal .and 
chemical equilibrium is upset, and sometimes very Mil Ic sullii'cs I o do 
that, but also if its environment is lacking in certain esseiil ial mil ril i vc 
elements. [Zinc is needed by Pciticiiliuiii. siluiiciini (Uaiilin), and 
probably by other organisms (Ilclczcnncj, arsmiic* (.Vianand (laulim', 
Bertrand) and copper (Maquenne, I’lenrcnt) are also required. | 

H bile the absence of a necessary coinponeut will pre\’enl or luinler 
develoj^ment, the presence ol certain substances in Ihe eu\'ii’oumenl , 
even in infinitesimal traces, will kill tlu' cii! or organism, line need 
only refer to the classical experiments of Nageli on alga-, and I hose of 
Delezenne and Suzanne Lcdcbt on fishes. Alga- will'live in pure dis. 
tilled water if it has been distilled in glass apparaliis, bul I bey die if 

it has pas.scd through a copper pipe or tap, allhougb no Iraeeol'e 

can be detected in the water by any known melhod. Delezemie and 
Suzanne Ledebt have shown. that the same holds for fishes. .Minnows 
immersed in ordinary distilled water died in I wo or Ihrec boiirs, bul 
when placed in water redistilled in glass apparaliis, lhe\- h\i-d for -il 
least twenty-five days. Curiously enough, they also liv.-d' eoinforlabK- 
m ordinary distilled water if a littfi' s,)ring water ivere ad<l,-d. 

Again, Sauton states that if a jiicee of silver foil be pul into a IVeshlv 
made culture of tuberculosis bacilli, the eullun- does not de\ elo|', 
although no silver can be detected in the lilti-red liquor 
_ Even atmospheric oxygen, indi.sjiensahlc lb,- life as it is, is poisonous 
m quite small do.ses for amerobic bacteria if the aelual (pianlih- is 
more than they can stand. They choose rather to get tlu-ir ox^.■„•en 

m their own special way, and thus obtain only so mm-h as I heir 
development requires. 

Furthermore, all the conclusions resulting from the stmly of vila- 

extended' to inii-ro. 

Thus considered, the meaning of the term antiseptic is widi-m-d • 
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it must include any substance or any medium unsuited to microbic 
life. Generally, however, when antiseptics are spoken of, it is bacteri- 
cides that are 'nuwit, that is to say, substances speedily fatal to bacteria. 
So the name antiseptic should really be kept for any substance which 
hinders tlic development of, without necessarily killing, bacteria, and 
thc‘ term bactericide used if the microbes actually perish. Here, how- 
c‘ver, we will fall in with the common custom and use the two terms 
indiscriminately. 

Antis(‘ptics or bactca-ieidcs are met with among inorganic sub- 
stances and among organic products, both synthetic and natural. 
One should distinguish between internal and external antiseptics ; 
the (‘ornuu’ fall within the province of chcmothcrapeutics of infectious / 
diseases Only external antiseptics will be discussed here, anti princi- 
pally those not from the mineral kingdom. 

Many antise])ties have an airmity for albumins or fats, with which; 
they form more or less stable compounds. These compounds art*.- 
usually less active than the parent substance. So the strength ol an 
antist\})tic in water or dilute salt solution is out of all proportion with 
that which it can exert in presence of the complex body liuids. This 
im])ortant fact has several consequences : in the lirst })lace, it is most 
dilheult, e\'en with antis(‘])ties of great in vitro strength, to attack the 
act ual ag('nt ot a, eoiitagious disease by intravenous or intramuscular 
administration (and all th(‘ mor(‘ so if tlu^ mouth is th(‘ ehoscai ehamud) ; 
secondly, it is not easy to produe(‘ and maintain t'xcm impc'rleetly 
ant is(‘])t ic* conditions wlu'n inf(‘et(‘d wounds are undc'rgoing treat- 
memt ; and lastly, as antisc'pties hav(' at haist as mu(*h alllnity lor th(‘ 
e(‘lls of th(‘ organism as for baetcu’ia, it is at prc‘S(ait impossihh' to 
(msur(‘ eoin])lete sterilisation without harming the living cells and 
iinpcaling the* proec'sses of healing. And th(‘ solution ol tlu‘S(‘ ])ro- 
hleins is naukard more dillieult to attain by the laet that many 
miero-organisius assunu' a more* rc'sistant lorin (spor(‘sj wlnai th(‘\ 
beeonu' subj(‘(*t lo iinra vourabk^ (*onditions. IMon'ovea-, many of 
them ar(‘ lad(m with waxy matt(‘r and (meas('d in ehitin, all ol which 
probats lluan from alla(t<, while tlu* e(tls of llu' organism an^ less 
lough and lack an env(top(‘, pro})erly so called. It should la* addeal, 
also, that baebata can habituate' tlu'insctves to ant is(‘pt les ; some- 
tiuK's t lu'V (‘Vtai ada])t tluanselve's so far as to augnaait t hear metabolie 
fuiutionsand tluar viruk'nee.* 

Th(‘ action of antisc'pties on micro-organisms thus manilt'sts itsctl, 
indc'ss vt'ry large' re'lativc' ame>imts are' use'el, in \'arious e'e)ntraelie'tory 
ways, anei be'siek's the)se nu'iitioneel there are many e)thea's. The 
ba(*teria, may ne)t be killed, but fail to ])rolife‘rate', e)r k)s(' the powe'r of 
forming spores. In the ease of charee)al, re)r example', the aiiti-spore- 
forming action is accompanied also by a depressie)n ol the virulence. 

1 Even ill nionairie c-hlnride solution, in 15% caustie soela, or in U)% .sulphuric 
aeiel, inoiikls and bacteria may thrive anel (h'veloj). 
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Some microbes become incapable of formin^f ibeir cbaractcrisUc 
colouring matter, others lose their juobility, and others again their 
fermentative powers. 

Knowing all this, it is not surprising that the meaning of the term 
antisej:>sis oseillated and changed about during the war -during a 
period which provided opportunities for c-xperi mental work on a. 
scale undreamed of before. Diversity prevailed, above all, in opinions 
on the efficacy of antiseptics ; some had no faith at all, others were 
too enthusiastic ; until a mean was struck which may be e.xpress('d 
as follows: In using antiseptics, it should be mad(' a. rule that .all 
mortified and badly-infected tissues becutaway, so that the antise))tie 
can be applied in small quantities and yet ])roduee tlu' desired effeel ; 
this holds both for small superficial wounds and for long-standing local 
sores (osteomyelitis). 

Actually, the ideal antiseptic has yet to Im^ Idimd. Perhaps a, 
different one will be needed for every iivIVx-tious agent., Ix'cause a, 
substance acting as a general poison for micro-organisms will also 
be a poison for any other living cells. In every aise the sal isfael.ory 
antiseptic should attack the infectious agent inside the tissues without 
appreciably harming the healthy parts and even without being 
necessarily introduced vid the wound. ^ 

In presence of the body fluids it should act as well as, if not betlei' 
than, in water. It is not impossible to fulfil these denta.nds : e<‘i“lain 
colouring matters, e.g.. Malachite- Green and Trypa 11a vine, and 
Vuzin (octylhydroeupreine), arc steps in the right direction. 

All the same, bacteriological methods (vaccines, seemns) will donbi - 
less provide truly specific antiseptics before chemistry do<‘s. .Viul, I o 
sum up, one should not ask more of antise))tics tha.n tlu‘y can gi\’e ; 
they cannot act beyond a certain distance from the wouiul, and wlmn 
the infection is deep they are, .so to speak, outllanked. 

Phenol and its Derivatives. 

When Lister introduced anti.septic technique into surgery phemil 
(carbolic acid) forthwith had a great vogue. For a. long time atba-- 
wards Lister’s disciples employed it almost e.xelusively ; ]a,e,.,s 

Championmere, in particular, owed to carbolic acid much ol' his 
success at a time when there was no general beliefin antiseiitie methods. 
Its employment in this way has now been almost entirely abandomsl ' 
probably more because of the great progress in asejitic treatiiKml. than 
because other antiseptics have been introduced. It is still wideh- 
used for special purposes, such as sterilising instruments, i^reseiwin'..' 
bandages and general disinfection. 

For uses of this kind, however, phenol is being replaced by the nc-xl. 
ix-atte from TvitUu**'® will be t.hat whuO, 
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liiglier homologiies, the cresols. These are not so toxic as phenol. 
Of the three isomerides the 97iefa is the most active. The cresols are 
sparinpjly soluble in water, so their use in the free state is limited, not 
only because one cannot obtain strong enough solutions, but also 
l>ecause of the difliculty of removing them without copiously washing 
or using a volatile solvent, once they have been sjwayed on the ground 
or on clothing and hoiiseliold linen. In order to overcome these dis- 
advantages, attempts have been made to render tlie cresols more 
soluble or, at any rate, easily emulsified. 

Many years ago Leboeuf, a Bayonne pharmacist, succeeded in 
(‘mulsifying tar, using soap-bark (Quillaja) as agent, and so produced 
an antiseptic which was very popular for a long time {Coaltar saponine 
Lebwnj). For the cresols, caustic soda and various soaps are usually 
(‘mploy(‘d, ibr (‘xainple, resin soap {Creoline Pearson)^ sodium cresoti- 
nate (Solveol), sodium eresoxyacetate (Cresine) and turkey-red oil 
(sulplionatcd castor oil). 

Lysols contain phenols and certain aromatic hydrocarbons, of 
which tlu‘ most important is methylnaphthalene. Lysol is closely 
ix‘lated to Coaltar saponine, but the emulsifying agent used here is a 
linsc'cd oil soap. 

Another way of arriving at a. soluble product is to introduce an acid 
radical into the ])henol and pr(‘])are the sodium or other salt of the 
derivative thus obtained. Thus tlu' use of salicylic acid instead of 
])henol has b(‘(‘n tric'd. Phenolsul phonic* ac*id has Ix'C'ii givc'ii the trade 
name' of Aseptol. Various sails (zinc*, mc'rc'ury, sodium) of diiodo-p- 
plu'iiolsulphonie ac'id will be d('sc!ril)('d latc'i* (Sozoioflols). 

Oihc'r phc'nolic c'ompounds that have bc'C'U used are the; following : 
thymol, gmiiaeol, resorcinol, ])yrogallol, eiigenol, allyl ])hcnol 
{Cluivdsoi) and the na])hthois. Of homologuc's of phc'iiol the most 
active' an* thc' xylc'nols, ])artieularly the* inefa, but they have not bec'U 
III ilisc'd. 

a-Naj)hthol is the' mou' toxic* of the two isomc'rides. ddic* sodium 
salt of /j-naphthol is Microcidio, rc'commc'ndc'd by Lucas (diampion- 
nier(‘. But na])hlhol is sc*arc*c'ly usc'cl as an antisc'j)lic' c'xc*c‘pt for pr(‘- 
serving dressings and in lotions or ointnic'nts for the* seal}). On ilu* 
othc'r hand, some' of its dc'ri vati vc's have* bc'C'ii utilisc'd in various 
ways. F/picarhi is the* sodium salt of /Lhydroxynaj)ld hyl-e-hydrox y- 
v/?,-tolui<* acid : 

This is a ))owc‘rful antisc'])tie largely usc'cl in vc'terinary work, for 
treating hc'rpc's and mange in dogs. 

Whc'i) the naphthols are suitabl}^ reduced, tetrahycironaphthols are 
formed. Thc yS-dc'rivative is a much more; active antiseptic than the* 
parent naphthol. Its trade name is TetraloL 

Substitution Products of PhenoL — The most interesting of the sub- 
stituted phenols are the halogen derivatives, particularly those of the 
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naphtliols. An important in vest illation on the anlisc'ptic powc*!* ot* 
these compounds was carried out by Ehrlich and Jk'chhold. It, was 
found that the numerical va,lue of tlie property inertjasccl with lh(‘ 
number of halogen atoms in the moJecule and that, tiu^ halogcmaled 
cresols are stronger antiseptics than the corresponding jdienols, whil<‘, 
apparently, the maximum activity is possessed by tribroinomiplit hoi, 
which is actually, in vitrOy one of the most power I'ul ani.is(‘p( ies known. 
Yet everything depends on the particular species of iniero-orgaihsin 
subjected to treatment. Experiment shows that hen' is a, <iuit(‘ nolx*- 
worthy example of specificity, and the ])henomen()n has Ixa'ii Un-nu'd 
by Bechhold demi-speciheity. Thus, to giv(‘ only oiu' illustration, 
dibromonaphthol is more active than tribroinonaphthol towards 
B. Coli, while the contrary is the ease for B. SlaphijlococcKs, I lu' 
bacillus of diphtheria, etc. So, as a general rule, no (*oni pound of I his 
series displays the same antiseptic power towards all kinds of niiero- 
organisms. 

For practical reasons, and particularly because of its let'bh' 1 nei nol y I ic 
action — the mono- and dibromo-derivatives are strongly Ineinolylie 
tribromonaphthol was selected for manufacture and is known as 
Providoform. 

With the exception of Salol, phenol esters {Beiizoiiaphlliol, Br/ol, 
etc.) are chiefly used as internal (intestinal) antisc'pties. (hiaiacol is 
the only phenol ether to be employed, and its preparation and ulilisa- 
tion have already been discussed. 

No external antiseptic is known among the aminoplu'nol seih's, hiil 
it might be mentioned by the way that eertain eomplieaU'd uivas of 
aminonaphthol and naphtliylamine sulj)honic acids {Bai/rr ■!(};)) Iiaxa* 
been put forward as specifics against tryj)a,n,()soin(‘s fini (aaial a nl i- 
septics], Ihc exact composition ol Hayw has nol Ixx'ii diselos(‘d.* 

A special class of phenolic compounds are ([uinoliix' d(‘ri val iv(‘s, 1 lu' 
hydroxyquinolines. The most widely known suhsl anccs of I his 
gioup are Chinosol and Ox'ijch,i)ici,scpfol. CJuiiosol is pr('par<‘d l)\' 
heating together o-aminophcnol, sodium sulj)hat(', glye('rin(‘, nitni- 
phenol and sulphuric acid. 8-Hydroxy quinoline is thus pnxhnvd 
and its (neutral) sulphate forms the drug. It is a, mild antiscpiic, 
and when used in quite small amounts ])r(w(‘nts (lx* d(‘\'(‘l()p- 
ment ot moulds, and so is usc'd for prc'sc'rving sera (Nieolle), 
OvVychinaseptol is a compound of hydroxyquinoliix' wiih plxmol 
sulphonic acid. 

Before passing on to a discussion of Formalin a lew words may lx* 
said on the subject of the aromatic acids. Ikmzoic acid is a W('ak 
antiseptic principally used as a preservative in jams, (‘tc. Its homo- 
logue, phenylacetic acid, is notably more active' ; activity is, in faci 
the more marked the weightier the side chain, until ph('!iyi-|)utyric 
acid IS reached at any rate, but only benzoic acid itself ‘has b('('n 

^ See note at end of chapter. 



ANTISEPTICS 


75 


actuajjy utilised. Benzy] ])euz()a.te is also in use under the name 
Feruscabui and ailva.ntai>'(‘ously r(‘j)laces balsam of Peru, being' in 
tact quit(‘ as active, eojourk^ss, and almost odourless. It is on the 
market as a- solution in c*astor oil called FenioL 

As salicylic acid has airc'ady been the subject of an earlier chapter, 
it needs no discussion here. 

Formalin. — Fotiaah}!. (formaldehyde) is chiefly employed for dis- 
inlccfl.ing dwelling's and the like, and for this purpose use is made of a 
variety ot eonl ri vanccs, somc^ of which spray tlie 40 % solution of 
formaldehyde meclianically, while others simply boil it. More con- 
venient arrang'c'nuaits are those in which trioxyincthylenc (a polymeric 
form of formald('hyde) is volatilised. 

An (‘asy way ol disinlecting' a n)om without using expensive' 
apparatus is to tre'at a. mixture ol trioxymethylene and barium 
j)('roxide {Aulaw) with water. Listead of l)arium peroxide, bleaching'-- 
powdc'r (Aldogen) or calcium permanganate may be used. 

For internal us(‘ flu' irritant |)roperties of lormaldehyde make it 
ncc(‘ssary to j)rcpar(‘ condeaisatioji ])roducts with, c.g., starch {Anujlu- 
forni), dc'xirint' {Diwl rofornh) or albumin, etc., but noiu' ol these* })ro- 
du(*ts has be‘e*n ve'ry sue*ce'sslul. Of gre'ate*!* inte‘re‘st is FonmvUic, the* 
prodiK'l ol inte'raction with ace'lamielc : 

ciivCONiiciiyOir. 

This is a liepiid and has be'eai r('e‘ommen(le*d mainly lor ste'rilising 
surgie*al ins( runu'ids. 

An inte'i’ual ani ise'ptie* in nH)st e*xt('nsiv(* use is he‘xaiiu*thyle‘nc- 
Iclramine* (C rolrnpiii, UronK^flu). This is a. urinary anfisc'ptie*. If 
will ne)f be* dise*uss(‘d he'n*. 

Halogen Compounds. — loelolbrm and the* hy poe'hloriU'S are* eaxamj )I(*s 
ol Ibis gi'ou|) ol an( is('j)l ics. loelolorm has be'eai eanployc'd Ibi* many 
ye-ars as a dry dre*ssing lor wounds aiiel, indeed, has newe'r been (ml ire-ly 
supe*rscel(‘el. Bid il has ils disad vantage's : it is costly and lias an 
obje*cfie)nabl(‘ sme'll. IVlore‘o\'(‘r, whe'ii use'd in ejuantity, it olte'ii has 
an intoxicating ('ife'cl. Kor tlu'se* re'asons, e*h('niical inge'iinity has 
Ix'e'ii apj)li(‘d more' int e'lisi \'cly he'i'e' than in many other fields. At 
lirst. e'florts were' made' tei mask the* eieleiur eil ieieleilbrni, but the* ce)ni- 
peiunels preieluce'el we're* e'il lu'i* te)e) stable* anel so e*e)mparat i\a'ly use'le ss, 
e)r ne)f stable* e'lmiigh, be'ing e'asily ele'e*onij)ose‘el by wate'r, that is fe> say, 
the'v might be* e)ele)urle‘ss te) be*gin with, but the* cbarae'te'i'istie' ste'uch 
e)t* ie)ele)fe)rm seiein areise*. 

As ('xainph'S e)l the* se'e*onel class, tlie* (*e)mbinatie)ns e)l ie)ele)le)rm with 
he*xamethyl('ne*te*traniine‘ and with tannin {f ()(l()f(/rnu)<feH) may ])e' 
ne)ted. This line of in\X‘stigatie)u was se)on abanele)ne*el and atte'ntie)n 
directed to the introduction of iodine into other eompounels to form 
products which should be odourless and yet easily liberate the iodine 
again. Aristol is the best known substance of this kiiiel. This is 
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dithymol-diiodide, to which its discoverers, Messiiigcr and VVorl iinui, 
attribute the formula : 

, CH, CR 

C 3 H; 10 01 QH; 

It is not likel}" to have this constitution, and, according' to Bou.i>*anl ( , 
should be formulated as a quinone, but Moles y Ma,r(]uina st.at(‘s that il 
contains two phenolic hydroxy groups and is thcreron^ actually diiodo- 
dithvniol : 

I CH 3 CH, 

00 

CyB, OH HO C 3 H, 

What is almost certain, in every case, is that the iodine* is in tin* 
nucleus. But anyhow, it is not absolutely necessary that the* halogen 
be liberated, and actually, Aristol is one of the most valuabh* suc- 
cessors to Iodoform, being equally useful both intc'rnally and (‘xt(‘r- 
nally.^ 

In the same class are Europhen, isobutyl-o-cresol iodide* : 

CH3-CeH2(CJl9)OI-C,np(CIL0-C 

Losophan^ triiodocresol ; Nosophen, tetraiodophenolphthal(*in, ob- 
tained by treating the sodium salt of the ])}ithal(*in with iodiiu* 
chloride ; and lodol, tetraiodopyrrole (Ciamieian and Silber). 

is ^-iodoxyanisole, CHaO-CgllylOo, pr()duc(‘d l)y oxidising 
p-iodoanisole with chlorine or potassium pe'rmangaiial (*. lodoxy- 
anisole is explosive, so it is handled as a, mixture* wit h its own W(*ighl 
of calcium phosphate. 

The SozoiodoU have already been mentione‘d, one* oT lh(*m is (In* 
potassium salt of diiodophenolsulphonic acid. Similarly eonstil ul cd 
compounds are Vioform, iodochlorohydroxyepii noline* ; lodofmi, iodo- 
dihydroxybenzene ; and Chryseine (Mouneyrat), which is an iodiia* 
derivative of Urofropme 

Chlorine. — ^For large scale and extensive disinfection chlorine is 
well adapted, both by reason of its cheapness anel its outstanding 
bactericidal power. It is principally used in the form of soelium 
hypochlorite {eau de Javel, liqueur de Laharraque) or as calcium 
hypochlorite (bleaching-powder). Concentrated solutions of sodium 
hypochlorite are fairly stable, but much too poisonous, whik* dilul(* 
solutions are unstable. The stabilisation of hypochlorite solution has 
been investigated by Daldn,^ who discovered the best conditions for 

1 The preparation is described by Moles y Marquina in Anaks de la tiodedml espanola 
de Fisica y Quimica^ 1919. 

“ See Applied Clmnistry Reports, 1917, IX, 475. 
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preserving and applying it. Dakin’s solution contains 0*45% to 
()-5()®/, of sodium hypochlorite neutralised with boric acid. It was 
used in large quantities during the war, particularly by the British 
and German armies, the technique of its preparation having been 
mucih improved by the famous surgeon, Carrel. 

hlven when boric acid is present hypochlorite solutions do not keep 
^vell for long periods. Dakin, therefore, sought for compounds which 
would serve as chlorine containers or carriers and would easily 
li})erate it in contact with a wound or sore. The result of his inquiries 
^vas the preparation ot Chloraininc 7\ a water-soluble compound, and 
DichlorandH.e 1\ insoluble in water. Chlornmine T is sodio-p-toluene- 
sul]>honehloroamide, CH3-C6HyS02Na : NCI. It is prepared by gently 
wanning together p-toluencsul])honanudc (1 mol.) and a 5% alkaline 
solution of sodium hypochlorite (li moL), a saturated solution of 
sodium f‘hlorid(‘ {h mol.) being then added. The product forms a 
crystalline ])r(‘cipitate containing 8 mols. water of crystallisation and 
is naulily soluble in water. DichUrr amine T is prepared by passing 
chlorine into a suspension of /^-toluenesulphonamidc (500 gm.), 
sodium a(‘(tate (1,000 gm.), eliloroform (1,000 gm.) and water (5 1.), 
until no more is absorbed. The dichloramine is taken up by the 
chlorororm, from which it is separated again by distillation. Both 
tlu‘ isolated substance^ i\nd its solutions should be kept in the dark. 
Dichlorainine T is insoluble in water and is applied as a 5% to 
10‘V'j solution in eucalyptolis(*d oil or in chlorinated paralFin wax 
{C'hlorcosan), 

No otlu'r (*hlorin(‘ dc'ri vatix c's are worlhy ors}>ecial notice'. Among 
bromine' d(‘ri vati V('s tliere ar<' only tribromona})hthol which, as 
alu'ady nu'iitioiu'd, has b(‘('n gixc'n thc' name Pr(nIdoJhrm, and was 
c'xtc'usivc'ly used in («ermany Cor dn'ssing war wounds, and a compound 
of iribromoj)h(‘nol with bismuth, also us(‘d to a considerable extt'ut, 
calk'd XcroloDn. 

Sulphur Compounds. — Many sulpliur com})ounds have bee n sug- 
g<'st('d as usc'ful antiseptic's, l)ut (cav have' kc'pt their place* in thc'ra- 
pe'uties, the eliie'f exce])tion being lehthyol. Nc'VC'rtlu'k'ss, c'crtain 
sulpimr-eontai ning c'ssc'iitial oils, such as mustard oil, have* ])()tent 
antiseptic propertie'S. Mustard oil, in fact, is a constituent of a wc'll- 
known spc'ciality, Aniodol. Morcovc'r, the antiseptic equalities ot e)il y 
e)r garli(* have t)e'e'n kne)wn for many years : it was at one time ree*om- 
nu'nded in (‘asc's of tuberculosis (Sejournet) and chok'ra, and quite 
recently has been in cases of influenza. Again, the essential oils of 
various crucifers (horse-radish, cress, scurvy-grass) are qu'csent in a 
number of antiseptic mouth-washes (dentifrices). T Jnosinamlne is a 
well-known elerivative of mustard oil, being, in (act, allylthiourca. 
Di-c-aminophenyldisulphide has been recommended byMacDonagh as 
a substitute for salvarsan and has recc'ived the trade name IntraniineA 
^ Applied Chemhlnj Reports^ 1916, 1, 285. 
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However, the most widely used sulpimr compound is Ich.thijol, 
Certain naturally occurring* bitumens of organic origin (lisli remains), 
which are particularly plentiful in tlie Tyrol, contain much (‘ombiiUMl 
sulphur^ and when distilled yield an oil. AVluai tliis oil is irvivivd wit h 
sulphuric acid a sulphonic acid is ol)tainc(l, 11 k‘ «nninoniuin salt ol 
which is lehthyol. 

The essential oils of certain crucilers having l)C(‘n numt ioned above*, 
it may he recalled to mind in passing that otlu'r (*ss(‘nt.ial oils, not 
containing sulphur, possess marked baci(‘nci(lal j)owcr and an* still 
supplied in all kinds of ways for the household riiediciiu* stor<‘. Such 
are cajeput oil (Niaouli, Gimwiioll eucalyptus oil, p(*ppermint, einna. 
mon, and oil of cloves. A derivative, nanu'ly, tlu' eth()xyae(‘t i(* (*sl(*r, 
of the principal constituent of the essential oil of mint, ni(‘nthol, is 
used in place of menthol itself in either pastilh's or ointnu'uts umh'r 
the trade ]iame Corypi, 

Bismuth Compounds. — Salts of bismuth arc eluelly applied in inb'rnal 
treatment, yet certain insoluble coinj^oimds an* in exic'usiva* use as 
antiseptic powders, and, together with Aristol, ha\(‘ ahnosi entirely 
ousted iodoform. Derniafol, ])isniuth .sub-gallatc, is llu* Ix'sl known 
example of this class and is an excellent preparation. Uismal is tin* 
trade name of a compound of derinatol and rormald(‘hy({(‘, a hismut h 
methylene-digallatc. Airolx^ an iodo-dermatol, pro(lue(‘(l by bring- 
ing together bismuth oxyiodide and gallic acid, or Ix't b'r by trc'atiiig 
a solution of gallic acid and potassium iodick* with oiu* of bismuth 
hydroxide in sodium acetate; the mixture* is to lx* g<aitly h(‘at<‘d 
until the precipitate develops a, greenish c'olour. 

Other compounds wliieh may be noted ar(‘ Eu(l<)vhi(\ a bismuth 
tetraiodo|)heno]phthal(*in, and Xcrojonn, aln‘ady ni(*nt ion(*d aboxa*. 

Silver Compounds. — Ihxsides (‘olloidal silxa*!' prcparc'd el(*(*l I'oly t i- 
cally— JiVee/mrge/ — which doevs not eona* within our piirxicw lu'ro, 
silver compounds aetnally us(‘d as ant is('pl ies, (‘it her intcnialty oi* 
externally, are nearly all colloidal |)r(‘j)arati()ns with albiim()s(‘s or 
peptones as base. The best known is Col/a, ri^ol, which contains sil\ <‘r 
up to 90% by weight. It is pr(‘])ar(*(l by tu'atiiig an albumin xvil h 
caustic soda and silv('r oxide* alternately, eontinuing tin* pro(*(*ss unti 
the silver-content is high enough. Imitations of gviiuiiic (Allargol 
rarely contain more than 70% of silv(*r. 

The preparation of --sil v(*r {)rot(‘inat(‘ is based on a 

different principle. Here silver casein is dissolve'd in walc'r with I Ik* 
aid of a pept le or an ali)uni()se, tlK‘insclves pr(‘j)ar('d by warming an 
albumin with oxalic or snl])]airie acid. Tlu* organic part of Protargol 
is thus mueli less completely hydrolysed than that whi(*li s(*r\a's as 
the basis of (lollargol. Protargol is not, j)roperly s{K‘aking, ('olloidal 
silver, as it contains only 7% to 8% of sih'er. It has a huff-ya'llow 
colour, is taken up but slowly by w'ater, and from the solution it is 
partly precipitated again on ])oiling. 
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Dyestuffs. — Many dyestuffs are taken up selectively by certain 
tissues, and, as is well known, they arc used in staining micro- 
organisms for mieroseo])ie examination. It was natural to suppose 
that the fixation of the colouring matter on the micro-organisms 
meant that the latter wc're being attacked and that this could not take 
place witliout injuring them. All tlie same, because micro-organisms 
are (aisily stained on tlie microscope slide it does not follow that they 
nr(‘ similarly afh'ctc'd inside tlut living body. In fact, in the living 
organism most dye-stuffs are- reduced to their colourless le-uco deriva- 
tives ; staining results only in exc(‘])tional cases, as in that of methyl- 
can- blue, Avhich colours sek-ctively tlu- ends of certain nerves. And 
although nutliyhuu- 1)1 lu- itself will stain malarial parasites intensely 
ill xlfro, it d()('s not reach nor colour tliem in vivo ; but, on the other 
hand, even in vivo a (-ertain oxa'/ine dyestuff can stain the centrosomes 
or bk-pharoblasts of trypanosomes. 

Mdlach.ifc (Ireeii is a dyestuff of tin- trij)henylnK‘thane group, being, 
in fact, the eliloride of tetraniethyldiaminotri])henyl carbinol. To 
j)r('par(- il: Ix-nzakk-liydc- and two luok-cular ])roportions of dimethyl- 
aniline an- (-oink-nsc'd logi-liu r in pn-sc-nee ol about 1| equivalents 
of hydrochloric acid. The leuco ])ase so obtained is oxidised 
with k-ad jx-roxidi- and the dyi-sluff isolati-d as the zinc double 
sail. 

Malavhiiv Crvni was used (hiring I In- war, (-itlu-r aloin- or c()m])ined 
with nu-reurie ehioridc-, mainly by tin- Jlritish (Fildes). The mercurial 
eonijioiunl is pn-parc-d by mixing ak*oliolie solutions of tin- dyi-stulf 
and mei’cnrie chloride, ddn- solution obtained is (-mploy(-d as such 
and is sprayc-d o\'er supi-iTieial wounds, or for t reat ing osi(-omv(‘li1 is. 

lirillinnf Crrni is tin- {(-Irai-thyl derivative- eorn-sponding to 
Malaehilt- (h-ee-n. It is a powerful baeie-rieiek- and has bc-e-n used and 
r(-(‘ommeinl(‘(l pri iiei jially by Browning. 

I'rifjidllO'Vi lie [Avri Jlaviiu') is, howevc-r, tin- most, exti-iisi xn-ly (-m- 
ploveai dv(‘sl ufC, and I his compound si-e-ms desl iin-d to ret ain its posi- 
tion in I ji(‘ra pent ies. It is a polc-nl ant is(-pl ie and possesses tin- \ alu- 
ab!(‘ properly of being more aeliv(- in organic media (sera) than in 
water. 'rri/pdHo^vinc is .‘t : (l-diamino-N-nn-l hylaeridinimn ehlorick-. 



It is prepan-d by In-at ing t rimetliylene aniliin-, ! 5 -Md 1,^)^, pro- 
duced by coink-nsing together formaldehyde and aniline, with auiiim- 
hydro(*hlorid{*, which acts as a catalyst, 4 : 1 -dianiino-di])h(-nyl- 
mc-thain- b(-ing ibrmed. This is then nitrated with mixed acid, and 
tlu- 2: 2'-dinitro derivative- obtained, which yields the tetra-ainino 
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compound on reduction. By heating this with a, niolccuhir propor- 
tion of hydrochloric acid to 135°~140° diaininoacridine is produced. i 
Diaminoacridine {Proflavine) itself possesses W(dl inarked antiseptic? 
properties (Dakin), although it is not so active as Trypatlavine. To 
obtain the latter Proflavine, after protecting the arnino groups, is 
methylated by treatment with methyl chloride'. Trypatlavinc is 
used as a 1 : 1,000 solution in normal saline. flV) give a, rough idt'a, 
of its strength, it maybe stated that a staphijlococcus culture' in blood 
serum containing 000,000 germs per drop is stc'rilised ('oniplc'tc'Iy in 
eight hours by an amount of trypaflavine corresponding to O-Og'';,, 
and stays sterile indefinitely. Brilliant Green docs not ('ffcct com- 
plete sterilisation, and although the niimbc'r of cocci is at first c'on- 
siderably diminished, it rises again to the original value' in twe'nl y-l’our 
hours. ^ 

Besides their use in treating wounds antisepi ies are' also einployc'd 
for disinfecting germ-carriers. During the war disinlcction of (his 
kind was carried out on a large scale ; me'U on aedivc' service' we're* 
either subjected for 10-15 minutes to an antisc'plic atme)sphe're‘ pre>- 
duced by means of a spraying device, or their nasal passage's we're* 
treated independently with an antiseptic solution. This disinlVc'l Ion 
gave excellent results with /nen/nifococcai^-. but the* re*sulls \ve*re' Iciss 
satisfactory with the diphtheria bacillus, and nc'galive* in the'e*ase* eif 
pneumococcus. The antiseptics used were Chloramine* T, ie)dine*, 
guaiacol, Argyrol, etc. Some observations showed that Kucupine* 
had a wholesome effect on pneumococcus. 

During the war it was also necessary to disinrec(. elwe*llings, e*le*., 
and to sterilise water supplies. Por sterilising wale*r (he* subslane*e‘s 
chiefly used in France were permanganate {Poudre Ldnibert), [)olassium 
iodate {Poudre Vail lard), and, last but not Icasl, sodium hypoehloril (* 
{Eau de Javel). A most interesting produet us(*d for st(*rilising wal(*i' 
is Dakin s Halazone. This is the dichloramiiu* corn's ponding wil h 
sLilphobenzoic acid, of the formuhe : 

XSO^NCIa. (0 

It is supplied for use mixed with borax in tablet form. For a^ li( r(* 
of -water 4 mgm. of the active compound suiriec*. 

J Beada, Ber., 1912, 45, 1787 ; Applied (JheniMn/ R(./K>ris, 1917, II, 177. 

- BivanoJ, 2-ethuxy-G : O-diamiiiuacridino, is a. now very aiit i,s<u)| i,- in 

thi« iieries. ‘ ' 
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Note on Bayer 205 : MM. Fouriieau, Trefouel, Mme. Trefouei, 

and M. Vallee have recently {CouipL rend,, 1924, 178, 675 ; Chemical 
ylbstrach', 1924a, i., *‘382), prepared the complex carbamide : 



and shown that it has the tryj)anoeidal and other properties attributed 
to Bayer 205.'^ {Applied Chemisirij Re pints, 1923, YIII., 537; cf. 
also 1921, VL, 537.) 


M. 
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ORGANIC COMPOUNDS OP ARSENIC 

ALIPHATIC SERIES 

In spite of their great interest from thcstandpoinl of purechemisi I'y, 
the aliphatic arsenicals will not be diseussi'd at great length, because 
they have hitherto not played a great ))art in tiu' therapeutics of 
infectious diseases ; from those of the aromatic series, on tlu‘ other 
hand, one of the most importarit hranelu's of elieinotlierapent ies lias 
sprung, the development of which has been brilliantly suecessliil. 

The most important arsenical medicaments ol' the a,lipha,tic series 
are the cacodylates and the methylarsinates. 

Cadet’s fuming arsenical licpiid sc-ems to be t he lirst organic arsenic 
compound described. The army iiharmacist, Louis Cadet , diseoNcred 
this substance in 1760, having obtained it by heating togetbi'r 
arsenious acid and potassium acetate. It lia,d a repulsi\'e odour a, ml 
took fire in contact with air. Further iiuu'stigat ion \va,s ea,n'ied out 
by Thenard and notably by Bunsen, who showed that Cadet's liipiid 
was composed of carbon, hydrogen, arsenic and o.\ygen, and t hat t he 

oxygenwasreplaceablcby other non-metallieeh'inents, sulphur, iodine, 

chlorine, etc., just as it is in potassium oxide. ’I'lu' a.rsenie-li\'(lr<»- 
carbon group remained intact through a, series of the most diwrse 
reactions, and so Berzelius gave to this radical, (CJI.,)„As, the name 

Cacodyl. 

The chief constituent of Cadet’s funung liipiid is cacodyl oxid,-, 
(CH3)2As-0‘As(CH 3)2. Ihis substance docs not fume nor is it intlam- 
mable in air, but the crude product contains also some free cacodyl. 
(CH3)2As'As(Cir3)2, which is easily oxiilised and to which the in- 
flammability is due. ' 

There are two series of cacodyl (.lerivativcs, viz., t hose in which t he 
radical behaves as if it were monovalent, and thus,, in which it is 
tnvalcnt. The following are the chief nu-mhers of t he lirst series : 
Cacodyl (Dirac, , dill) .... (CII.,)„As-.Vs(C!I.,)„ 

Cacodyl hydrUk (Diiiuihylariimc)^ . . (CM. )"„\sn 

Cacodyl chloride ..... (CII, ),j \s-(’| 

Cacodyl cyanide (CHjoVs-CN 

4;SSf - 

Iiydioxide (CH3)2As*OH, corresponding to potassium hydroxide, is not 
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And of second series : 

Cacodylic acid (CH3)2AsO-OH 

Tetraalkylars()ni'W})i eoinpouuds, e.g, . (CI-l3)4AsI 

Cacodylic Acid. — Cacodylic acid, (CH3)2AsO‘OH, may be regarded as 
arsenic acid with two liydroxyl groups replaced by two methyl radicals. 
Cacodylic acid is obtained industrially solely from Cadet’s fuming 
liquid, produced, as has been seen, wlien a mixture of potassium 
acetate ^ and arsenious acid is distilled : 

4CH3CO2K + AS2O3 - (Cll3)2As-0-As(CH3)2 + 2K2CO3 + 2CO2. 

'rhc‘ product is first rectihi‘d in a current of carbon dioxide and then 
oxidised with mercuric oxide in aqueous suspension. 

Cacodylic a, (‘id is a crystalline compound readily soluble in water 
and alcohol. Its great stability towards oxidising agents is its most 
r(‘markab]e characteristic. It is neutral to methyl orange, acid to 
plumol-phthalein, and is amphoteric in character, forming unstable 
eom])ounds with strong acids. 

Cacodyl oxide is the starting point from which not only cacodylic 
acid is pre])ar(‘d, l)ut also all the other cacodyl derivatives. These 
ar(i obtainc‘d by a. s(‘ri(‘s of reactions of which some are indicated in 
I h(‘ 1‘ollowing schenu' : 

(CH'3).As'()-As((!Il3). > (Cir^l.AsO-On 

t 

> (CII,A,As-(!l3 

> (cn'.>)oAs-ci - -> (cir^i.Asd'.N 

I > [(CII^l.Asj.S. 

Methylarsinic Acid. — Cavodylic acid is the only derivativt‘ of di- 
mrl liylarsi iu‘ lo h(‘ iililisi'd, but ol’ lh(‘ inonomi^thylarsiiie seri(‘s, in 
which only oik* iiK'l hyl group is at inched lo lh(‘ arsenic atom, a r('pr(‘- 
S(‘nfali\ (‘, namely, iiK'l hylarsinic acid, is c'lnploycd. (The sodium salt 
is Arr/iri/al.) This ac'id can lx* r(‘gai‘(l(‘d as cacodylic acid with one 
Cll.j r(“pla(‘('(l by OIL In tact, as will lx* shown laha', mcdhylarsinie 
acid may Ix' {)i'(parc(l via (‘acodylic acid. Industrially it is olitaincd 
by niclhylal ing arsenious acid. Th(‘ inelhylation may b(‘ carrical out 
(‘itlxa* with nic'lhyl iodide' (Mi'yc'i*) or nu'thyl sulphate (Augc'r), thus : 

! AS2O3 + bNaT)H + 2NaI d- 

Now sodium arsc'uili' may be Jbrmulated either as 
Na/AsO : (ONa^o, 

or as 

As(ONa)3 ; 

the first ot tlicse rormuhe alTorrls a, bcTter explanation of the above 
^ Sodium ac-etate gives poor yiedds. 
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reaction. If the second be adoptc'd one nius( su])|)()S(* fhnl i !i< 

first stage is a simple addition fnriuing th(' eoinpound 

or that an ether of the forninla. 

As(ONa,)/)C.n',, 

undergoes intramolecular rcarrangen uai t. 

Homologues of methylarsinie acid eannot lx* made f)y Mu* above 
method. For their preparation potassium ars(‘ni((‘ imisl, hv usvd 
instead of sodium arsenite, and even tluai the yi(‘]ds an* iiu-agn* (I)(‘lm j. 

We must now turn to the various rc'aetions by which m<*mbcrs of 
the methylarsinie group may be obtaiiu'd (Vom (hose of (h<* (‘aeodyl 
group (or the latter from the fornu*!*) ; and, also, din'd oiir a.l l(‘nlioii 
to the general reactions which, besides those* a])pli(‘(l indusi rially, oi\'(> 
rise to aliphatic arsenic eomjKmnds, l>eeaus(' many of ( h(*s(* apply as 
well to the aromatic as to the* alii)iiatie s(*ri(*s. 

(i) When sodium methylarsinate is (n'ale'd in hydrodilorie acid 
solution with sulphur dioxide in pres(*nee of a (race* of polassimn 
iodide — which acts catalytieally- it yields m(‘( hylarseiiions ehloridi*, 
CHgAsClo. Methylarsenious eliloridc* is (h'eomposed by eaiisl ie soda, 
forming sodium methylarsinite, CIIyAs(ONa)o, which may lx* oxidised 
back again to sodium methylarsinate. If mcUiijhir.Cnilr he 

treated mtJi methyl iodide, sudiwui cacodyl (ifv is jonned by n ns'K*! ion 
exactly analogous to that which n'sulls in I he produelion of (he 
methyl arson ate from sodium arsenite* (Auger) : 



\ONu 


(ii) When caeodylie acid is iieate'd in a (‘urrenl of hydrogen chloride, 
preferably in presence of mercuric chloride*, il loses a m(‘l hyl gi'onp as 
methyl chloride, and yields methylarsenious chloride*, I Inis : 

(Cn3)2AsO-OH + 8II€1 > CJr3As(!h I ril,(!l i 2I!J). 

These are the most important r(*aetie)ns e)! I he* kind, d'hey are s(*( 
out concisely below. 

®^^\AsO-ONa < OCAslONa), 


CH./ 


CH3ASCI2 


OI.,As()(<)J|), 


(ll.AsO. 


Other preparative methods arc as follows : 

(iii) By the action of alkyl magnesium coinpoimds on arsenic 
trichloride, trialkylarsines are formed : 

SR-MgBr + AsCL > Asll, + aMuBrCl. 
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then ^AsClj, 

and eventually R-AsClg may be obtained, 

(iv) Alkyl iodides interact with potassium arsenite (Dehn) to pro- 
duce homolo£fues of Arrlienal, altliouoh, as has already been noted, 
sodium arsenite cannot be used. 

(v) Arsenic trichloride and, e.g., mercury diethyl, will react thus : 

ASCI 3 - 1 - HoR. > R AsCU + RHoCL 

(vi) Lastly, there is the Cahours-Aiio'cr method, which is based on 
thc‘ action of alkyl iodides on pulverised arsenie at ICO'' to 200" 
(Caliours), or on amorphous arsenic, obtained by reducing arsenie acid 
with hypophosphorous acid (Auger). In the latter ease the reaction 
1 ak(‘S placc‘ in tlK‘ cold. The ])roducts obtained are either tetraalkyl- 
arsonium iodides, or tlie hydriodides of methyl- and dimethyl-arsine. 
VVluai Aug('r brought amorphous arsenic and, for example, iodoform 
l()g(dher, li(‘ obtained a mixture of di-iodomethylarsinic and tetra- 
iodocaeodyl compounds : 

;K!nr, I 2As — > ciriyAsT, f (( ni,)2Asi, 
whicdi W('rc theit oxidised by nitric acid thus : 

(dlly ;\sL I IIINO, - (!irLAsO (01I), -I- iNOo + TL/) -h U 

As n'gards l!i(‘ tln'rapeuticai (employment of the aliphatic arsenie 
compounds, if has already Ixs'ii said that until (juit<e recently only 
lh(‘ caeodylales and Hk' nu'f hylarsinafcs wc're utilised. Thes(\ how- 
(‘\'(er, ar(‘ us('(! lo a eoiisid(‘rable exl<‘nl. for tr(‘a{ing tuberculosis in 
ils {su’ly sf agvs and as g( lua-al tonics. Their action luax' is very note- 
worthy {. i rn'iciKil, 11 cacodylal and guaiacol, etc.).^ Runscai, 

and labs- Kirchner, dn^w altcaition to th(‘ fact that cacodyhc acid \vas 
alniosi harmless, and s(‘V(‘ral at lempts \v('r(‘ made' to us(‘ it th(‘ra- 
p(ait ically, but lh(‘ fionoiir of int roducing organic arscahe compounds 
into nu'diciiK' truly to'longs to Armand (rauti{‘r. 

AROMATIC SERIES 

IVh't hylarsinal(‘s hav(‘ Ixaui ix'comnKUKk'd for tnaiting malaria, but 
it, is doubtful il“ they" an' ('lTcctiv(‘, and flu'V (‘('rtainly hav(' no action 
on spirilla and tryj)anosonu‘s. Th(‘ aromatic* arsenic* compounds, on 
tlu* ot hc'r hand, Inivc all, or nearly all, a, pronouncc'd action on these 
ag(‘nts ot‘ disease*, and to thc'in our attc'iitiou will now he directed. 
Souk* of thc'se* substances have acepiired extraordinary importance, 
and, indc*ecl, sinc'c* Ehrlich bc'gan his r(*searehes, the whole field of the y 
arse'uic* ch'ri vati vc'S has become the most interesting one in thera- 

^ Tliere arc in use, howc\'C‘r, certain arsenie compounds of acids of the acetylene 
scM'ies (Solarson) ; for exampts lieptinecarboxylie acid + AsCl.^, and so forth, hut 
their value as medicaments is still uncertain. 


From the trialkyl compounds, AsRg 


first ^^AsCl, 
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peutical chemistry. For this reason our studies nill be as full as 
possible, and the subject will be divided up as follows : 

Methods of preparation. 

Methods for transforming derivatives of pentavalent arsemr (ju’yl- 
arsinic acids) into compounds of trivalent arsenic (arsiiu's, arsiiu' oxidtbs, 
arseno compounds, etc.). 

Methods of introducing new suhsHtneni groups into the aromatic nuclei. 

Physical and chemical properLies of the products. 

Chemotherapy of organic arsenic compounds. 

Methods o£ Preparation.— These may dividvd into ivvo main 
crroups : (1) Those, three in number, for ohlainin.o' Mu* arylarsinie 
Lids which serve as startin»' materials for preparin.n' all ollua- com- 
pounds; these are based on the I'ollowin.u’ n/aclions, viz. : 

I. That between arsenic acid and aromatic* amiiKhs, e.g., aniliiK*, 
toluidine, nitraniline. 

II. That between arsenic acid and pla^nols. 

Ill That between arsenic acid and diazonium compounds. 

(2) Those by which derivatives oftrivah'id arsenic may b<* din'cliy 

prepared. Compounds eontainini^ pcntavak'nl arsimie may then \)r 
more or less readily produced. The met hods h(‘rc‘ an* based on Hk* 
following reactions : 

IV. That between mereiiry-diaryls and arsiahoiis ehloridia 

V. That between arsenious chloride and sails of mono-aryl -nicrcuri- 
derivatives. 

VI. That of mixtures of halogc'n-subsl il uh'd Ixaizciic d<>ri\ail i xes 
and arsenious chloride with m(‘taHie sodium. TIk* lasi lhrc<' reuclions 
on our list yield arylarsenious chlorid(‘s ; lh<‘ prodiicl in Ihiscasi- (\'I.) 
is a mixture* of arylarsenious diehloride and diarylarscnions chloride. 

VIL That b(*tween aryl magiu'sium halides and arsi nious elihu idi . 
This method furnishes (‘xelusiv(‘ly I riarylarsines, from whieh, by lu'al 
ing with arsenious ehloridi*, t lu* chlorides of I he mono- and diaryl 
derivatives may be obtaiiu'd. 

VIII. That between arsenious chlorid<‘ and leiiiarx aroinalii* 
amines, e.g., dimethylaniline. 

I. Fusion of the Arsenates of A romatic Amines. 

CjH5-N11.,-1I,A^().i 

As()(()ll),,. 

This r('a(*tion is analogous to I hat hv' \vhi(‘h suljihanilie acid is 
formed, viz. : 

NII.> 


CellyNlIalloSO, 


> C, 


SOdl. 


In this way Beehamp ])repared t lx* hrsl aroinal ie arsenic (h rix al i ve, 
arsanilic acid or Atonjl. Essentially the nudhod is as follows : basic 
aniline arsenate, whieli can lx* readily oblaiiu-d in a eryslalline form, 
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is heated in a flask until aniline begins to distil ol7 (one molecular pro- 
portion will separate). The flask is then evacuated to expedite the 
distillation and the temperature is gradually taken up to 190°~195°. 
Water and a little aniline pass over and the mass becomes viscous and 
\ioiet in colour. The temperature is kept at 195°-210° for two hours. 
The ])roduct is dissolved in dilute sodium carbonate solution, the 
solution filtered and tlie atoxyl precipitated by adding nitric acid. 

I'his method is not generally applicable to amines containing nitro 
or carboxyl groups, although p-nitraniline yields the corresponding 
arsinic acid with great readiness. It should be added that the pro- 
duct above eontains, besides arsanilic acid, a certain ])roportion of 
diaminodij)henyIarsinie acid : 

NJl2C,Il4As0(01I)(^jrpNIl2. 

II. Action of A nsenic Acid on. Phenols. — Arsenic acid and phenol, 
for exam})lt‘, rc‘aet to form p-hydroxyphenylarsinic acid, identical 
\\W]\ that obtained from atoxyl, togetlier with a little of the ortho 
isomerid(‘. When the p-hydroxy acid is nitrated the main product is 
lh(‘ Jbnitro- l-liydroxyphenylarsinic acid used for making 

Arscanc acid intcTacts in the same way with dihydric phenols, with 
rc'soreinol in j)artieular, yielding the corresponding acids with the 
gn ait est (aisia 

III. B(irf\s Method.^ This is tlu' application of the Sandmeycr 
ri'aetion, and lik* all nu'thods in whi(*h diazonium eomixmnds are used, 
if is (Nipabh' ol‘ widt‘ variation. IMany aromatic arsenic comjK)un(ls 
ma y })(' ma(!(‘ in f his wa y. The mi'lhod is siinph' and iiu'ol vc's merc'ly 
bringing logd her 1 lu' appropriate^ diazonium compound and arseaiious 
^*^<^1, ( ath(‘r in an acid , or, b(‘llcr, in a n alkaline nKalium . TIk' 
r(‘a(*(ion is lacililab'd by thc‘ prcscaiee' of such ca talyst s as coppc'r or 

Jlarl pr(‘))arc(l, among others, the following d(a’i\'ati\ (‘s : ynbromo- 
jihcmylarsinic acid !Vom /;-bromoanilinc, acetylaminopluMiylarsinic 
-/acid from p-aminoace tani lideg bimzarsinie* acid and nil ro-hydi’oxy- 
[)h(mylarsinic acid. 

Ai-ylarsinic acids, for (‘xamphg p-nil roplumylarsinic acid, reaicl 
again capially well. 

Th(‘ following ('([uat ions illustrate' the re'actieins inNa)lve'd ; 

H-N : N-X d- As(OK )3 - R-N : N-OAs(OK).> f KX 
R-N : N-07 Vs(()K)., - R-As()(OK).> -f N,. 

IN'. M ichnclls' s M ethod.- - V\\\s alse) is avaihtblc' as a gi'iie-ral nie-thod, 
but it has bee'll useel einly te) n limited extent. Me*reury eli])henyl 
e*e)m])e)unels are' the starting materials. When these su])stances arc 
tre'ated witli arse'iheius ehleiride thc'v le>s(‘ their mercury either as 
me'rcuric chleiride' or as meineiarylmereurichloriek', thus : 

‘ triie nainc' is spoil oitlier Barth or Jhii t. 
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-I- AsCI., = CnHs-AsCla + (:„Hr,irgC;i 
CeHs-Hg-CgHs + AsCl., = (CgHJoAs-C'! + Hfft'lj 
CgH 5 'Hg'CgH 5 -f- 2 ASCI 3 = 2 C(;Il 5 AsCl 2 |- Jlg( 1„. ^ 

V. Boeder’s 31ethod.— This is a dcvclopmetit of tlial. of MicIiiU'lis ; 
the variation is very interesting because it involv'cs using monoaryl- 
mercuri-salts, e.g., CoHj-Hg-Cl. Unfortunately, in a, number ol' cases, 
particularly those of the nitrophenolic dcri vati ves, it is only a pi)lieable 
to compounds in which the mercury atom occupies l lu- pam position. 

/NO 2 /NO., 

CgHa— OH + AsCI., =- CJL,- OH |- IlgCI,. 

\HgCl \AsCI,, 

VI. A method cxcelJent results in siin})I(‘ enses, l hal is, wlnai 

there are no nuclear nitro or liydroxy groups, consists in IrcN'iting ii 
mixture of arsenious chloride and halogen dcri vati v^c^s oT or 

its homologues, or of such compounds as the pluniol (‘tlun-s (anisoh'), 
with metallic sodium. 

CellsBr + ASCI 3 + 2 Nu - C^jlI^AsCI, -f NaHr I NaCh 

VIL By applying Grignard's reaction, only triarylarsiiu' compounds 
can be obtained. The method can only be us(‘(l with such halogen 
derivatives as will give arylmagnesium hali(l(‘s, and so is nol of great 
utility. 

VIIL fiction of Arsmnous Chloride on Dialhi/lanilines niul on 
Thenylalkylglycines . — 

C,H 5 N(CH 3)2 + AsCI,, === | I1C|. 

''./VsCL 


An almost quantitative yic'ld is givcm by (his mi'lliod. I( may ho 
used to obtain, for (‘xainplc', /Mlinu^thylaminoplKmylarsinie atad. 
This substance is readily produe(‘(i a.nd is a valnabh* inliaam'dialo Ibr 
preparing otJier arsenic compounds. Tims, wlien ll is nilral<‘(l imdm- 
certain conditions, it yicTls I-dinud hylamino-:bni( ro|)h(m vlarsinie 
acid, which is converted by h(‘a(ing willi eanslie jiolash info I lie 
corresponding p-hydroxy (l(Tivativ(‘ : 

/N(CH 3 ), /N(^'11;i)-.! ('•) /Oil (I.) 

CeHi/ -^CjlV-NO. (.‘{) —>(',,11' NO., (.-p 

AsO(OH )2 \asO(() 1I), (1 ) ,\s()(( )il)„ ( I ). 


From the latter, “ (m ” can he ma.d(‘ (()(‘chslin ). - 

^ Mercury cliaryls are easily obtained via the moiioaryltiK'rciiric. N;i,lts, vvliirh a.r(‘ 
formed by interaction of benzene itself or many of its derivativi's, with nK'rcuric iicclalc : 


(V,H.,-NH-C0CH, + I /II., ('(,,,11. 

ttiedo, (!}!., 

..j Fnder different conditions, a dinitroderivative is fonm^d, and ayain, nndiM- still 
dmerent conditions, a nitroso compound may bo obtained, 'i’his Hubs(anc(s nudJivl- 
nitro«sminophenyl.^ir.<=inic .'i-id (a nitrosamine) j^ives the <'.orr(‘si)ondiny hydrazine w lion 
r- 'CK -p.'i ,(>o ,i(. Meyer) : 


''As()(()H)2 


,.^/N(N.L)./ir, 

'•A.sO(on).. 
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In short, therefore, methods are kno'^Mi for obtaining directly 
eitlun’ arsinic acids, aryl- or diaryl-arsenious chlorides, or triarylar- 
sines ; but the real ]:)rimary materials for preparing all other arsenicals 
arc the arsinic acids, and so the question of converting the arsines 
into these acids arises. If one has to deal with the monoarylarsenious 
chloride's (halidc's), simple treatment with alkaline hydrogen peroxide 
will effect this convt'rsion. If the other derivatives are in question 
tlu'y must be* first heated with arsenious chloride to convert them 
into monoarylarsenious chlorides, in the manner already described, a 
]:>roecss which may or may not be readily caiTied out, or they may be 
treaU'd witli chlorine and the product, e.g., triphenylarsine diehloride, 
heatc'd under diminislu'd ])ressure : 

((^,II,),AsCl, > C^HsCl + (CJl3),AsCL 

Reduction of the Arsinic Acid Group. — Arylarsinic acids may be 
reduced to give' successively : 

A. The corresponding arsenuniff oxide : 

B. Tlie eorrc'sponding arsrno- compound ; 

C. The arsine, R-AsIL. 

A. Coireersio}! of A rsinic Acids inio Arsenious Oxides. 

This transformation maybe ('ffeet('d ('ither directly or through the 
i ntc'rmc'diatc' stag(‘ of th(' arylarsc'ihous chloride, as the lattc'r furnishes 
the oxidc' by simph' trc'atnu'nt with dihite eaustie soda or C'ven with 
sodium carbonate. Some oi tlu' nu'thods ar(' th(' sanu' as thos(‘ 
applic'd in i lu' aliphalie s('ri('s. 

(i) Action ol' snlphnrons acid in prrsi'iu'c ol a lillh' hydriodic acid. 
If lh<' ()p('ralion Ix' eoiidnefc'd in strong hydrochloric acid solntion 
(he product is tlu' arsenious chloriih' : 

(\,II.,As().,IL, 1 SO., I -- Cflr^AA'l, I lIoSOi I Jh>0, 

hut if, on the other hand, tlu' solution lx* iH'Utral, tlx' arscaiious oxich' 
ilsc'lf is obtained. Tlx' conversion of plu'nylaeetamidoplK'nylarsinic 
acid will ser\'e as an ('xainple : 

/Nii(()( nyc\;ir, 

V (j» t,i\ 

AsO.jr.,. 

IdH'iiylacetamidophenylarsinic acid (Tt) gm.), hydrochloric acid, 
sp. gr. 1*12 (SO gm.) and hydri(xlic acid, tS",', (0-5 c.e.) an* mix(‘(l 
fogcllu'r and sulphur dioxid(' pass(‘d into tlu' mixtim'. W Ik'U the 
rc'action is comph't (' 1 1x' prc'cipitatc' is (iltt'ix'd off, ^vash(‘d with hydro- 
chlori(‘ acid and freat('d with ammonia to lilx'rati' tlx' Gcc ars('nious 
oxide'. 

Ry this nu'thod tlu' arsinic group may h(' ix'duce'd without aflVct- 
ing any nitro groups j)rc'S('nt, thus p-nitroph('nyhu’sini(‘ acid ^ ic'lds 
p-nitro])henylars('nious oxide'. 

(ii) The' reducing agent may Ix' phcnylhydrazinc : 

1 wni/Nir-Nir, - i No i ('ae-.v-o i -'leo; 



90 


ORGANIC MEDICAMENTS 


(iii) Hy dr iodic acid : 

R AsOgHa + 4HI = RAsI h I ; 

(iv) Phosphorus trichloride in ethyl acetate' solution : 

CeIl5 As03lI, + PCI3 HPO3 h c:«n,As( !, I m \ ; 
thus, dimcthylaminophenylarsinic acid yic'lds dinKdhylaniinoplu'nyh 
arsenioiis chloride and ])enzarsinie acid benzarse'iiious chloride ; 

(v) Phosphorous acid, for example, wlu'n nitroph('nyiarsini(‘ aeid 
is heated in a sealed tube at 11.5’'' with wate^r and phosphorous aeid 
(crystalline), the correspond iipy arsenious oxid(' s(‘paral(‘s in a ery-^ 
stalline form. 

We have already seen that methods arc* a.vailabt' for ini ro(lneini>‘ 
the arsenious chloride group din'ctiy into (he ring. 'Vlwsr \\\i\y be 
briedy reviewed again lierc. 

(i) Interaction of arsenious chloride and ( lie nu'reurv diaryls : 

{c,ii,)Mg + Asci., - c,.n,drgdi I (',ii,As(%, 

(ii) Action of metallic sodium on a, mixture* of ehlorob(‘nz(nc mi<l 
arsenious chloride. The ])roduet contains some* dipli<‘nylars(nious 
chloride, depending on the conditions und(‘r whi(*h lh<‘ react ion lalv(‘s 
.place; this substance is converted into phenylars<'nious ehloihh' by 
heating it with more arsc'uious chloride*. 

(iii) Action of arsenious chloride on dialkylaniiines and alkyb 
phenylglycines (Oechslin, Michael is). 

To these sliould be added : 

(iv) Arseno compounds (‘As : As*) a.mong I Ik* n'duefioii pro- 
ducts of the arsinic acids tlu'sc* an* th(* oiu's most ('asily ol>!uined 
maybe converted into tlie (*orresponding ars('nious ehloridf's, ;in<l so 
to the oxides, by tix'atiiK'nt with (‘bloriiK*. f'or ( xainple, ki'sciio 
benzene reacts with two mok'cular proj)ortions ofehloriiK' to pi-oducc 
phenyl a rsc* 1 1 i oiis c h 1 o ri ( k * . 


B. Conversion of Arsinic Acids <ind Arscnioifs (Kvidr.s inh) Ar.srno 
Compounds { — Assets ). 

Reduction of the Arsenious Oxide Group. -d’his rednetion (ak( s 

place with greatc'r facility tluui that of tlu* corresponding jii-sinie ncid. 
The same reagents may generally lx* us(‘<l and llu' I emp('ral ur(' n(‘( (l 
not be elevated, that of the room will sulbec'. TIk' nslueing ag< iil 
may be : 

(i) Sodium hydrosuIj)hite -the (‘aleuhded amount. UNsInclieii 
takes place in the cold or on gently h(*a.ting ; 

(ii) Stannous chloride and hydrochloric aeid ; 

(iii) Phosphorous acid (crystallised) in nu'tliyJ alcohol solid ion ; 

‘(iv) Sodium amalgam. For exainph*, dinK'thylaminophen vl 

arsenious oxide in alcoholic solution is lr(*aled with sodium 
amalgam in excess at 40'^-50‘’. Tlic arseno compound s<‘paral<‘s out 
and after twelve hours may h(* iiltc*re(l off. 
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Reduction of the Arsinic Acid Group* — The reagents used here are : 

(i) Stannous chloride and hydrochloric acid — hot; 

(ii) Hydriodic acid with a catalyst ; 

(iii) Crystallised phosphorous acid — ^in the warm ; 

(iv) Zinc and sodium bisulphite ; 

(v) Sodium hypophosphitc and hydriodic acid; thus, to prepare 
the compound, 

sodium hypophosphitc (60 gm.), water (20 c.c.), hydrochloric acid 
(100 gm.), and methyl alcohol (400 gm.) arc mixed together and to 
tlic liltered solution are added hydriodic acid (48% ~ 5 c.c.) and 
then ^^'l^y^^i'^^^^^yp^^^-'^^yl^^i^ii^^oacctamidophenylarsinic acid (75 gm.), 
dissolved in a mixture of equal volumes of methyl alcohol (1,000 c.c.) 
and hydrochloric, acid. The whole is heated to 35° and the hydro- 
chloride of the arseno compound separates out. It is filtered off, 
washed with mctliyl alcohol, and decomposed by treatment with 
ammonia (Jacob, Ileidelberger and others) ; 

(vi) Sodium hydrosulphite; this is the reducing agent most appro- 
priate for tlic purpose and an example of its use will l}e given in 
(k'tail later. 

As with th(‘ arscMiioLis oxides, when it is desired to reduce the 
arsinic acid group and leave nitro groups untouc*hecl, crystallised 
phos|)horous acid (lissolved in methyl or ethyl alcohol, or sodium 
amalgam, or sodium hydrosulphit(‘ in the exactly calculated amount, 
is us(‘d. If potassium iodid(‘ be adcU'd whem tlu' hrsl reduedion is 
complel(‘, that ofilu' nitro grou})s may lik(‘wis(' })(‘ carries! out. Thus, 
wIkui t-hydroxy-3-nitrophcnylarsinic acid is reslueesl by nusms of 
phosphorous acid, dihydroxydinitroarsenobcn/ciK' is obtaiiusl ; hut 
if, wlum I his stag(‘ ol“ lh(‘ ix'duction is linished, ])otassiinn iodide* lx* 
add(‘d, the* ae*tie)n re*e'omm(*nee‘S anel the nitro gToups are* at taeke'el, so 
that the iinal prexluet is salvarsan. 

lly the* abo\(‘ nu'lhods only symme‘trie*al arse^ne) compounds ai'c 
proelueesl. Unsymmetrie*al elerivative's must he* pre*j)are*el by bringing 
logethe*!' arsiiu's and arse'iiious e>xiele‘s, e.g., 

llAsO 1 ILAsR' RAsiAsir 1 ILO. 


C. ('(nivvrsjoii of Arstoiious Oxides and Arsinic Acids info Arsines^ 

—AsIU 

Arsines are* almost exe*lusivcly obtaineel by reducing arsinic aelels 
Nvith amalgamated zinc and hyelrochloric aciel. Most of these* sub- 
stane*es are* volatile in ste*am and soluble in ether (Kahn). The 
arsines are* usually le‘ss poise)nous than the corresponding arsene) 
compounds, but are epiite as active ])hysiologically. They arc oxidiseel 
on exposure to the air to arseno derivatives. 
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Modification oS Existing or Introduction ol New Substituent 
Groups, etc. — Turning now to the question of modifying (‘xisling oi- 
introducing new substituent groups in such a way as to Icaxo tli(‘ 
arsinic acid group unaffected, we find that most o(' [Ik* (‘ommou 
methods used for aromatic coinpoumts two applicalib' how also. 
Thus nitration, reduction of nitro grou|)s, oxidation of various sub- 
stituents, and so forth, may generally be carried out (piib' nuidily on 
arsinic acid derivatives. 

I. The redaction of -NOg to -NITo is lM‘st doiu' wil h Icrrous sulpba((‘ 
and ammonia. 

II. The replacement of the amino group, or i h(‘ group, by 

hydroxyl in nitro derivatives is easily (‘fftaded l)y ircalm<‘nl with 
sodium or potassium hydroxide wh(‘n tin* nilro group is siluabal 
ortho or para to the amino grouj) in (pu'slion. Thus 3-nil ro- P 
dimethylaminophenylarsinie acid, treated wilh eaiislie potash, gives 
8-nitro-4-hydroxyphenylarsinic acid, from whieli salvarsan may Ix' 
prepared (Oechslin). 

III. -OH, -Cl, -I, -CN may be introdu(r<l in })laee of I he amino 
group by Sandmeyer\s method, via the dia/.onimn eompound. 

IV. Side chains may be oxidiml, thus, tolylarsinie acid gi\'es Ixmz- 
arsinic acid; acetylamidotolylarsinie acid gi\’(‘s aeel ylamidolxar/- 
arsinic acid, from which, by removing i h(‘ ae(‘lyl group Ijy hydrolysis 
and replacing the amino group by hydroxyl through the diazo nsae- 
tion, salicylarsinic acid may be obtaiiu'd. 

V. One or both of the liydrogcm atoms in an amino group inav be 
replaced by acyl radicals, to form compounds eit lua- of ( lu' aeihuiilidc 
or of the phenylglyeine ty})e, 

NJI'COCIL, - NJICIb/hOJI, Nlbdbd'ONII.,. 

{a) Type' U-NI I'CO C'II.j is forux'd ; 

(i) By the ac'tion ol acid anhydihles on amino-jirsinal cs ; 

(ii) By the action of the anhydrides on lUr aininomrsinic acids 

in presence' of wah'r ; 

(iii) Bythe action of a(‘id eliloride's in pn'senec of iwridine, eaiisl ie 
soda or sodium carbonate-, lor example, aloxyi is eonwrled' In Ibis 
way into //edwm. By licatinj; aniino-arsinie acids wilb eerlain i-slers 
of dibasic acids, derivatives arc formed, llms, willi elliyl oxalalc 
oxalyl-atoxyl (oxiilyl-^j-arsanilie acid) is pi-odueed : 

/Nir-t'o-coji 

\AsO 3 i 1 ,,. 

(b) Type R-NIl-CHa-COJI, or R-NII-t'n.yt'ONIl.,. e.a.. plienyl- 
glycmearsinic acid, is jircpared by heatinir H,,- eon-es'pcairiim.- amino 
acid m concentrated aqueous solution with ehlorneel i<- acid in presenei- 
of two molecular proportions of sodium hydroxide. 

(^) Type R-N = Ol-R'. Amino-arsinie acids will reael wilb 
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aldehydes, lor exaiii])le, atoxyl eombines witli benzaidehyde to form 
the benzylidene derivativ(% 

NC,ll,:AsO ,14 

VI. Iiitroduetioii ot chlorine or bromine may readily be carried 
out. When hydroxyphetiylarsime acid is treated ^vith sodium 
hypochlorite or hypobromitc' it yields the disubstituted derivative 
with the two halogen atoms onho to the liydroxyl group. 

VIL D'lazo eompouuds from amino-arsiuic acids react to form azo 
eompouiuts in just the same way as those from other aromatic amines 
or amino-acids. A iargc^ number of such products is known. The 
compound, 

As(),I[.,-(' jr,-N : 

\OIl 

will s(‘rv(‘ as an illustration. 

VUL Nitralion. Arsanilie acid itself is not readily nitrated, its 

amino group must lirst ])c protected; but generally nitration is easily 
carrit‘d out, and many nitro-dcTivativcs of phcnylarsinie acid are 
known. It may b(' recalled that ^;-hydroxyphenylarsinie acid forms 
both a. mononitro c()m])ound, an intermediate in prej)aring salvarsan, 
and a, dinitro (kalvative., 

IX. Other reaefions. -Atoxyl may l)e oxidisc'd by ammonium 
})(‘rsuli)hate to ibrm piienazlne dc'rivativc's, th(‘ molecules of whi(*h 
contain two nilrogx'ii atoms and two arsinie acid gr()U[)s. 

Mercurij may bc' inlrochna'd iido lhc‘ ring by lixadnund with 
mercuric aect ai(' 

As an inU'rc'sl ing example* ot the variety oi* rt'actions which may lx* 
carri(‘d out starling 1‘rom arsinie acids, the* following may be ([uotc'd. 

\Mi(*n e-nil roarsanilic acid is diazotisc'd and treated with sodium 
act'lalc*, a hydroxy dc'rivative* is ])roduccd, tlx* nitro groii}) having 
b('(‘n r(‘])lac(*d by hydroxyl : 




AsOjH2 


A8O3H, 


NjX NjX NHi 

IVoiii whicli tlic ;uiniU)i)lK'n()l may be olAainc-d, as iiulicalcd (by 
“fouidiiio ” and mhiclion), t'lf i«-siiiic acid ^rroup In'inc unalTcctcd. 
ir, lK)\V(‘V<‘r, bcl'orc the azo-hydroxy jn-oduet is converted into the 
amino-hydroxy compound, it bc methylat(‘d, anisidinearsinie aeal, 

/AsO,ir„, 

CeH3-ocn3 

may be obtained as the iiual product. 
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The reactions now begin to be very interesting. When anisidine- 
arsinie acid is nitrated it yiehls two prodnets, .mmely 

AsOjH, 



and 


k^OCH, 
NH, 


J.N 1 I2 

These two isomerides arc not equally soluble in water, andean t liere- 
fore be separated. When the second is diazolised and llie dia/.o- 
clerivative warmed at 4()°-5()“, an unexpected reidaeemenl oceni's. the 
incthoxy group being lost and hydroxyl taking its plae<‘ : ' 

AsO^H^ MOMz 

L,^oca 

HCi HCl 

If the first be reduced audthen treated with ;i diazonium eoinpoiind, 
for example, that from anisidine, an azo eompoimd is formed and the 
arsenical group is displaced : 

/ASO3H2 /AsO^lbi 

CeHa— OCI-is - 
\\NH2 

\no., 

Our object here is to show', on the one hand, l\o\v 
these arsenical eom[)ounds are from the theoretical point ol \ie\v, 
and, on the other hand, how th(H-ongh must he the knowleitgc of 
organic eheniical reactions possessed by those who work in this held. 


C'el-Ia 


OCH:, 

\NII2 

^'\NHo 


( , 11 , 


N : N li 

Odio 

Nil, 

NIIo. 

i 111 (‘ri's I iii!» 


General Properties o£ the Aromatic Arsenicals. 

Acids . — Arylarsiiiic acids an* all soluble in hoi and many aiv 
tolerably soluble in cold water. Plumolic compounds aiv miieli 
more soluble than amino derivatives, aiul soalso are I he eorrespondine 
nitro compounds, e.g., /Mutro])lienylarsinie a(‘id is mon^ soluble I ban 
arsanilic acid. 

Arsinic acids arc not preeipit.a,l.('d by ma,i»‘n(‘sia inixlnn' “ in I he 
cold, but nearly all are thrown down JVoni a hoi solid ion. dliis pro- 
perty allows of their separation from arsimie acid, which is pri'cipi- 
tated by this reagent in the cold. In jirc'para, lions inadi* by Hart's 
method it is often necessary to purify the })ro(luet in I his way. 

1 The formuliB shown are incorrect : the nitro grouj) should Ixi in Mi<‘ 2 nol tin* 
()-, position. 

2 Ammonium chloride, ammonia and magnesium chloride. (See (dowes and < 'ohe 
mau’s Quantitative Chemical Anahjsis^ 8th ed., p. 96, etc.) 
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Arsinio a(‘i(ls an* acid to con o'o-red indicator, their amino derivatives 
are neutral. WIkmi arsinie ac*ids are heated with Eoiigaiilt's reagent 
(phosphorous aeid in hydroclilorie acid solution) tlu‘ corresponding 
arseno compounds are produced via the dichlorides. 

Arseriioiis oxides . — Tliesc substances are usually colourless, spar- 
ingly soluble in watc'r and much more soluble in alcohol than the 
corresponding acids. Treated with reducing agents in tiie cold, they 
yield arseno compounds. 

Arseno comqjounds . — These derivatives have all a ycdlow colour and 
are insoluble in water. They take up iodine and so decolorise a 
solution of iodine in potassium iodide. Salvarsan, diaminodi- 
hydroxyarsenolxMizenc dihydroehloride, does not give a precipitate 
with silver nitrate ; the silver chloride formed remains in solution and 
is |)robal)ly attached to the arseno grouping. 

PROPERTIES OF THE CHIEF AROMATIC ARSENICALS USED 

IN PHARMACY 

AtoxyL — Atoxyl is the sodium salt of arsanilic acid. As already 
stated, Bechamp, by whom it was discovered (in 1808), considered it 
to he an anilide of arsenic aeid : 

CellyNIIAsOgNallo/IIoO. 

Landslx'i’ger was the first to rc^eommend tlu' us(‘ of atoxyl in tn'at- 
ing ami'inia, skin dis(‘as(‘s, and so fortlg ])ut at that linu' h(‘ was 
unabl(‘ to establish thc^ triu^ eonstil ution of tlu* compound nor did 
he show that it was idemtieal w'ith Be(*hamp's product. Fournean 
prov(‘d that lh(‘ iwo sul)stan(*(‘s W(‘r(‘ identical, but it icanainod toi* 
FdnTieh and B(‘rt lu'im to settle' eonelusive'ly tlu' constitution. Idu'sc/ 
in\ cst igat ors sliowt'd that the compound was no othea* tlian arsanilic 
aeid, strictly eomparahk' with sulphanilie* aeitl, its molecule con- 
taining a tree* amino group and an arse'iiie* radical attached (hreetly 
to tlu' nneh'us. Ibis discove'ry was ol‘ capital importaae<- tor the 
d(‘\a'lopm('n( ot ehemot h(*rapy. It Jitoxyl had heiai am anilides an 
a.rsemaiiilide', it could not have* b(‘('n much else than a e*heniie‘aliy 
rath(‘r iiu'rt substance', but when it appc'ared that it really posse-ssed 
a tree' amine) gre)up tlu'ii all the* transtbnnations that aniline* ^\as 
e*a])able' e)t it also e'oulel be maele* to unek'rge). Se) it is that atoxyl has 
be'e'n a me)st valuable' starting mate'rial te)r piX'paring otlie*!’ arse'nie*al 
e*e)m]')e)unds. 

Me)st e)l‘ the* re'actiems on which further treatment e)t ate)xyi is base'el 
have alreaely bc'cu revic'we'd, but in view of their impe)rtanc(', it will 
be' usc'ful to grou]> them together hc'rc' : 

(i) Nitration of ate)xyl produces mainly the 3 : 5-ehnitro de riva- 
tive, but if the oxalyl derivative, CgI'l 4 (As 03 H 2 )NII*C 0 'F() 2 FI, be* 
used, the 3-mouonitro compound is formed : this is a starting j>oint 
in making salvarsan. 
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(ii) When atoxyl is heated with tiydriodie aeid, /^iodoaniliiu^ is 
formed and so the constitution prov'cd. 

(iii) The diazonium compound obtained whcai atoxyl is diazotis(‘d 
will form azo compounds with phenol, salicylic acid, and I lu‘ like, just, 
like diazobenzene. 

(iv) By means of the diazo reaction the amino ,i»Toup may lx* 
replaced by -CN, -AsOgllo, -I, -Oil, etc. So in this way /^-hydroxy- 
phenylarsinic acid, the primary material in aiiotlua’ process for making' 
salvarsan, may be obtained. 

(v) Any N-substituted derivative may b(‘ obi aim'd jusl, as with 
aniline. Some of these, acetylatoxyl, il ecliiie i\n(\ othc'rs, ha\'(' Fomid 
employment in pharmacy. 

(vi) When atoxyl is reduced with phospliorous acid and a litih' 
hydriodic acid, it yields aminoj)h(‘nylars('ni()ns oxide'. 

(vii) If hydrosulphite be used, dia.min()ars('n()})(‘nz('ne is produced. 
Atoxyl forms a white, crystalliric powck'r, with a. n'lVt'shin^' kind of 

taste, soluble in about 6 parts ot‘ watt'r, and very sparin_i»*ly so in 
alcohol. The crystals contain four mok'cular j)ro|)orl ions of wah'r, 
which are lost at 108°. The dry substama' dissoKa's IVc'cly in im'l hyl 
alcohol. A 10% solution gives a pn'cipil al e willi lerrous 

sulphate, and white precipitates with im'reuric ('hloimk' and silv(‘r 
nitrate. If it be added to a. solution of gold ehlorich' and sodium 
bicarbonate, a very stable preparation ol‘ colloidal gold is ohlaiix'd. 
Thomas, in England, was the lirst to cxpcrinK'id Avilh aloxyl in 
trypanosome diseases, after Laveran had shown (hat ars<'ni(' was of 
value in such eases. Salmon was a pioiU'C'V in snce('ssl’ully using aloxyl 
in large doses for treating syphilis ; but to hhrlich and his pupils is 
due the systc'inatic study of atoxyl and I la* iv'sull ing gr<‘al pi‘ogr< ss in 
arsenical ehc‘mothera])y. 

Arsacetine. — 

\\s(),IL. 

Arsacetine is the' acetyl d('rivativ<‘ of aloxyl oblaincd \>\ lr(‘aling 
the latter with acetyl ehloritk' or ac('lic anhydride'. Il is no Imigcr in 
use. 

Hectine."" /Nn-SOyC^-IIs, is the' Ix'ir/t'iK'-sul ph< )nic dci‘i\a- 

svsOsir, 

tivc, discovered by Moiineynd. 

Arsenophenylglycine. — 

COaNa CHa-NH-CellyAs : As-('„Il, Nir ('ll,,-('()A':i. 

Pheiiylj-lycinearsinic aeid is obliiiiied by i reaiino- id()x\'l wil li a bol 
solution of sodium chloracetaic. The ])n>(luet is dissolved in 
boiling water and ten times its weight of sodium bydrosiilpiiite dis- 
solved in five parts of water added. Prom llie liol soiulion arseno- 
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phenyl^lycine soon separates and is filtered off and converted into 
the sodium salt. 

This compound has a remarkable trypanocidal action, and is, in 
fact, the best product available for treating trypanosomiasis. Un- 
fortunately it is very unstable ; but, according to recent patents of 
Poulenc and Occhslin, it may be stabilised either by treatment with 
acetic anhydride or with formaldehyde. A derivative, Osarsan^ pre- 
pared in this way, has been shown ])y Laveran and :Mesnil to be an 
improvement on the original arsenophenylglycine. Its structure is 
probably : 


COaNaCHa' 

CeH,< 


^N-CHyN^ 
^ As : As > 


ITIyCOsNa 

>CeH,. 


Salvarsan (^‘67)6'”, Arsenohenzol, Kharsivan, Arsphenmnine ). — 
Salvarsan is diaminodihydroxyarsenobenzene. It is prepared as 
i'ollows : 

Atoxyl is diazotised and converted into p-hydroxyphenylarsinic 
acid. This is nitrated, tlie nitro group locating itself ortho to the 
liydroxy group. The nitrohydroxyphenylarsinic acid so obtained, 
reduced with sodium hydrosiilphite, yields directly salvarsan. 

Ilydroxyplicnylarsinie acid may also be obtained by treating 
phenol with arsenic aeitl ; its nitro dcu-ivative by heating nitrodi- 
methylamin()])heny]arsjnie acid with caustic soda (Occhslin), or from 
nitroamino[)hen()l or nitroaniinoae(‘tanilid(‘, by employing Bart’s 
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method. Lastly, the nitro acid may be prepared by nitrating oxalyl- 
atoxyl, and treating the product with caustic soda, which first reanoves 
the oxalyl group by hydrolysis, and then causes the replaeenient of 
the amino group by hydroxyl. The best way of eon vc^rting nitroliydr- 
oxyphenylarsinie acid into salvarsan is to use sodium hydrosulphite 
as the reducing agent, but the reduction may be carric'd out in stage's, 
using the methods described above, and a purer product is obtained 
in this way. 

The free salvarsan base forms a yellow powdt'r, solul)le in dilutt' 
hydrochloric acid and sodium hydroxide, insoluble' in aci'tic^ a,(*id. 
By adding sodium sulphate to a solution of salvarsan in dilute' hydro- 
chloric acid, the material is precipitated eomplctc'ly as an insoluble' sul- 
phate. It is employed as the hydrocliloride and must bc' k('pt in closc'd 
bottles filled with carbon dioxide. Tlie commercial prodiu't contains 
certain impurities which cannot bc satisfactorily ti-aci'd by ('la'inieul 
analysis, the presence of which is shown, however, by thc' widi'ly 
varying toxicity of different samples. Tests must tlK'n'tori' be made 
on animals ; rats should endure a dose of at least 0-I2 gni. per kilo- 
gramme body weight. 

Neosalvarsan {Novarsenohenzol ). — This is a compound of saJvarsan 
with the addition product of formaldehyde and sodium hydrosulphib'. 
It is prepared by dissolving salvarsan in wati'r and adding hrst a, 
solution of sodium formaldchyde-sulphoxylat(', then, afh'r an hour, 
successively, sodium carbonate (10%) and hydroc'hlorie acid (12";,). 
A yellow precipitate is thrown down; it is iilb'H'd olT, ivdissoh cd 
in just as much caustic soda as is necessary, and ri'prccipii ;i i cd 
by cdeohol. Ncosalvarsa.n forms a. yt'llow ixnvder, dissolxing in 
water to a neutral solution; if an acid Ix' added lo (his solulion 
a precipitate is formed which is nol, redissol ved by an excess 
of the acid. This propc'rty difh'rentiatns tlx' nr\x pnxluel IVom 
salvarsan. 

Neosalvarsan usually contains certain iinpuril i('s, and (he percen- 
tage of arsenic is only aboul: twenty insli'ad ol’ neanu' (hirfy. 1be 
following formula probably represents its eonsi i( ul ion : 

110/ \()I[. 

Of this product rats .should stand a do.se (iai ravenous in jeel i..n) of ;,l 
least 0-2 gm. per kilo. 

A formaldehydc-hisuliihite derivative of .salvarsan, 

- NH-CIIaO-SO.Na, 

has also been prepared. 

Galyl.— This derivative was discovered hy Mouneyral and is a 
compound of salvarsan with phosphoric acid, namely, dihydroxy- 
arsenobenzenephosphamie acid, 2 >robably bavin, g the structure ; 
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Ludyl, which also was discovered by Moiineyrat, is a compound with 
benzene-m-disulphonic acid : 


/SO,-NII CeH3(OH)*As : As C6H3(OII) NPL 

\S02 NH C6H3(0 H) As : As C6n3(OH) NII.. 
Arsalyte is dimcthylhexaminoarsenobenzenc ; 



Like other 7 //.e/adianuiie derivative's, this base lias tlic reinarkal^le 
property oF dissolving' in acpieoiis solutions of sodimn laearbonate to 
ibrin a carbainic^ salt. 

Luargol, oiu‘ of Dauysz’s ])roduets, is a eom]>oiiiid of salvarsan with 
silver bromide and antimony oxide. Tlu' combinations of salvarsan 
witli metallic salts were deserib(‘(l in detail l)y Khrlieli at tlie Inter- 
national M(‘(lieal Lono-ress lu‘Jd in London in 191 ‘3. At the present 
time the use of silveu’ (*ompounds of salvarsan is lulno' extensively 
d(‘V(‘loj)ed, })rineipally in (k'rniany. 


EXPERIMENTAL CHEMOTHERAPY OF TRYPANOSOMIASIS 

AND SPIRILLOSIS ^ 

I1i(‘ aim of (*li(‘niol h(‘ra])(‘ut ies is to eun^ iideetious discaises by 
dire'ctly atta(*kini>- tluar cause, i.c., the mieroorL*■:^ni^ms or their 
secretions, using only chemical substane*es. 

Experimental (tie'motlierapy cannet l^e carricel out with man as 
the subject, and se) it is necessary to infe'ct animals with the disease it 
is elesireel to study. The microorganisms hitherto investigateel arc 
the spirilla, anel the trypanosomes. These organisms usually secrete 
but feebly toxic ])roduets, and consequently the infected animal is 
only slowly killed ; their incubation stage is over in a short time, 
their development is well marked out, they circulate in the blood 
stream, and so are easily affected by medicaments ; botli Idnds of 
organism, particularly the trypanosomes, may readily be transmitted 
to small animals, mice, birds, guinea-pigs, fowls, such as are used in 
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the laboratory ; for all these reasons they can very pr()l)C‘rly be sul)- 
Jected to research of this kind. Further, the organisms arc extix^meiy 
mobile, and so it is easy to tell, simply by exa, mining a, drop of blood, 
whether they are present, either dead or aliv(‘, or wludher tlu^y ha,v(‘ 
disappeared. 

In the particular case of sypliilis, experimental work, alrcauly 
successfully begun by Mctchnikoff and lioux with monkc'ys as suli- 
jects, became much more easily carried out wlien it was Ibiind that 
'rabbits could be infected and a sypliilitic condition |)rodu(*(‘d (\xp(‘ri" 
mentally. 

Chemotherapeutical problems of this kind are at tacla'd as follows : 

Some substance having been found (empiri(‘ally) to exhibit an 
action on microorganisms, every resource oflVn'd by eiunnislry is 
applied so to modify it as to produce derivative's wit h th(‘ maxiinmn 
activity against the organisms, and a mini muni aciivily against ilu' 
organs of the body. The aim, tluTnforc, is to angnu'nt, parasUolropic 
and diminish organotropic action, that is, if C Ix' th(‘ curativa' dos(‘, 

and T the tolerated dose, the ratio should be as low as possibh*. 

One should distinguish betwa'cn action in vitro and action in vivo. 
Action in vivo is preventive or curative. 

To determine the action in vitro, shortly atlc'r th(‘ inlcclion, so that 
they do not contain many parasites, mic(‘ ar<' lalo'ii, th<‘ir throats cut 
and the blood mixed with physiological saliiu'. l^irl of I lu* mixlun' 
is set aside as a rclerence sample;^ iho rc'st is (livi(l(‘(l nj) info ((‘sl- 
tubes containing an equal vmlume of pliysiologieal saliiu' and increasing 
doses of the chemical product under ('xaminal ion. db(‘ I ubc coni ('ids 
are examined ev^ry two ininub'S and th(' linu' noh'd al which IIk' 
parasites cease to inov(‘ ahoul.. As a, eonlrol, I he mixlnrc al tins 
stage is injected into iV('sh animals, whi(‘h should nol lake I he inrcclion. 

To determine the action in. vivo, il, is first necessary lo ( xainiiie 1 li<' 
toxic action of the product on tla^ j>articular kind ot animal sci'v ing 
as subject in the experiments, so as to ('slablish lh(' toh'rah'd dos(' ; 
this should be well above that lo Ix' givx'ii to I Ix' iiir<'(‘l('d animals and 
should serve as a limit to be only gradually ai)j)roaehe<L Ibis doiu', 
two ways are open : either one may injc'ct lirsl llx' (los(' of nudicanK'Hl 
and then the parasites, allowing varying inl('rva!s of liiiK' lo ( lapse' 
between the two injections, or one may wail nnlil llu' inteelion is w<'ll 
developed and then administer the drug. In llx' iirsi eas(‘, 1 he degret' 
of immuiiisation is measured ; in lIx' second, lhal of sh'rilisal ion. 

After this preliminary exposition W(' may lurn lo llx' mon' inlerest- 
ing results of ehemotherapeutieal investigation. 

Relations between Curative Action and Constitution among Chemical 
Products.— La veran and Mesnil, Lingard, and Kruee luul alreaxiy 
found that arsenic had a beneficial efh'ct on tr3q)anosom{‘ disc'ases ; 

^ “Control.” 
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but Thomas, another Englishman, working in collaboration with 
Breinl, seems to have been the first to employ arsenic in tlie form 
of atoxyl. Thomas’s results were so encouraging that attempts to 
utilise the new product were made on all sides. 

Atoxyl was, indeed, a great advance on arsenious acid : not only 
is it effective in experimental trypanosomiasis, ])ut it, together with 
arsenophenylglyeine and osarsan, is the Ix'st known remed}^ against 
“ sleeping sickness.” A curious fact has been noticed by several 
observers, namely, tliat atoxyl has hardly any action in vitro. Leva- 
diti has put forward the li 5 q)otiiesis tliat it forms some sort of com- 
bination witii substances in the liver and that it is the product, “ try- 
panotoxyl,” wliich is the active agent. Ehrlich, however, supposes 
that atoxyl suffers reduction in the organism, and that the trypanocidal 
action is due to the reduction products. Breinl and Nierenstein, on 
the other hand, attribute the activation of these arsenicals to their 
undergoing oxidation. Uhlenhuth is of the same opinion, and has 
demonstrated that injection of atoxyl is follovx'd by the appearance 
in the urine of a derivative of aminohydroxyphenylarsinic acid. 

No matter Avhat may come of th(‘se hypotheses, that of Ehrlich 
has shown itself to 1)(‘ fruitful from a practical point of \hew. Ehrlields 
plan was to make a number of r(‘diietion products of arstmieal eom- 
])ounds and eom])are their activity vi vitro with that of the [)arent 
unr(‘duec‘d substance's. ITe' olrtained surj^n’isiiig re'snlts. Thus, for 
example', j;-hydroxyj)h('nylarsinie* ae*id will kill trypanosome's {ferox) 
at a, elilution of 5/1 OCt, whilst the' re'ehielion product, /nJiydroxy- 
])he'nylarse'nie)us oxiele', d('stre)ys llu'in in half an hour at a, dilution 
e)f 1 /I, ()()(), ()()(). The same' re'lationshi]) was found lo holel Ix'twc'e'ii 
atoxyl anel ils re'elue'tion proehu't. 

A big sl('p forward in e'xperinu'utal etu'mothe'ra py se'cnu'd to have 
Ix'e'ti made'. ''J’he're' followe'd a. brilliant in\ (.'stigatie)n earrie'd out umh'r 
Ehrlie'ITs dire'e'lion by .llata, ; and it is this work, elcaling witJi a 
e*e)nside‘rable' munbe'r of arse'nie*als, whie-h we' Avill now reeie'W, for it is 
a. me)ele'l of ils kind. 

Ehrlich anel Jlataks results, with those' e)f later inx'estigators, lix 
e'crtain ])oints from which the' re*lations be'twe'e'U e‘he‘mie*al e*onstitu- 
tion anel ae'tion on microorganisms in this se'ries may, lo some' ('xte'iit, 
b(' mappe'el. llala’s work had as subj('e*i s s])irillosis in fowls, re'hijising 
lever and syphilis. It shoulel be* pointe'el e)ut forlhwith that no e*on- 
e'lusions as to the' ae'tion on trypane)somes e'an be' elrawii from that on 
spirilla ; inele'e'el, some' ])re)eluets whie'h are active e'uough tow'arels the 
lattc'i' ha\X' no e'ffee't e)n the Ibrnu'r. Iloweve'r, tlu' following is a 
brie'f aeeeaint e)f Ehrlie*h anel Ilata's re*sults. 

First of all, as regarels relapsing fever, ate>xyl acts \'e'ry fee'])ly, 
the ratio C : 'F is not greate'r than 1 : 2. Aeetylatoxyl i no more 
active, but as it is less toxic, the ratio becomes 1 : 3. Diehloro- 
hydroxyphenylarsinic acid exhibits a much more marked action : 
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the poisonous dose being 1 c.c. of a 1 in 75 solution, 1 c.c. of a 1 in 100 
solution is enough to bring about a definite eure. Aniinohydroxy- 
phenylarsinic acid has much the same effect. 

Turning now to the arseno comi^ounds, arseno])henylglyeiiio is 
hardly more active than arsacctin (acetyhitoxyl ). Wi( h saivaisan, 
the ratio C:T is no higher than for tlie aminohydroxypl enyl- 
arsinic acid from which it is derived. The iodoarseno d<*rivative of 
aminophenol is inferior even to atoxyl. 

Thus it is already evident that Ehrlich s th(‘ory is nol in agr(‘(‘in(‘nt 
with the facts. Arseno compounds are not more aeliv(‘ I ban <‘(‘rtain 
arsinic acids, at any rate, so fiir as rela])sing f(‘V(T is eoiKsaausl. ''Ilie 
real reason for choosing arseno com j)ounds for praei ieal use insf esad of 
arsinic acids lies in the fact that siudi of tlK‘ latt(‘r as had Ixh'U l(‘s(ed 
appeared to cause nervous disturbanees, and this was not I h(‘ (‘asc 
•with the former. Arsinic acids hav(‘, for inslama', a, Tuon* or Jess 
serious effect on mice, the most remarkable inanih'slat ion of whi(*Ii is 
the transformation of the animals into dancing inie(‘. Again, 1 Ik' use 
of atoxyl and its simple derivatives in 1 relating syphilis Avas aban- 
doned, mainly because it resulted, only sonulinavs, lo Ix' sun^, in 
serious ocular trouble. 

Returning to the main theme, we have scxai lhal Ehrlieirs llx'ory 
is unsatisfactory, at any rate, as far as relapsing r(‘V(‘r is eoiK^'rixsI. 
Yet this conclusion docs not appear to hold for spirillosis in fowls or 
syphilis. A definite statement eannot Ix' mad(' Ix'eaiise lh(‘ a<‘lion 
of arsinic acids in these diseases has not Ixsm <‘xhansi ivx'Jy invesJi- 
gated. But salvarsan has proved itsdf rnueli superior lo aloxyl ;ind 
arsacetine as a specific for spirillosis in fowls; thus, for lhcs(‘ eom- 
pounds the ratio C: T is not grcsdxvr than 1 : .‘i, hul for snlvar.san IJx* 
value is 1 : 58, the toxic dose being O-IO gm. jx‘r kilo, body' wm’ghi, 
whilst the curative dose is less than 0*0()3 gm. 

We may review, in conclusion, Mie ('xjx'rinx'iils on syphilis wilJi 
rabbits as subjects. Rabbits may rcsadily Ix^ inadi' lo dc xclop 
syphilitic chancres ; the ulcers become ehargxxl wilh spirocha‘1 s, and 
their development is slow. Tlie usefuhx\ss of a iix'diciiial product 
can be gauged by the effect it has on th(‘ ei(‘al ri/nl ion of 1 1 K' chanciv' 
and on the rate at which the s])ir(x‘hcel s disaj)p(‘ar. The following 
results were obtained witli the three sul)slanc(‘s in V(‘sl igal cd by Ilala. 
The ratio C : T is 1 : 7for salvarsan ; ih(‘ ioh'ralc'd (los(‘ was O-IO gm. 
per kilo, body weight, whilst th(‘ administration of only O-OI |. gm. 
caused all the spirochaets to (lisa])jx‘ar and t Ix' syphilitic* ulc('rs io 
heal in a few days. Anyone who has sec'n lh(‘S(* Vemarkahh* ('fh'cts 
of such small doses actually taking place in tlx* animal is not surprised 
at EhrliclTs enthusiasm. Arsenophenylglyeiiu* was found t o lx* mu(*h 
less active than salvarsan; anunohydroxy})h(*nylars(‘uious oxide? has 
the ratio C: T = 1 : 5^ but it is very p()isoiu)us aixl diJlicult to deal 
with. 
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Plata's investigations were not extended to trypanosomiasis. In 
this field tlie work has been done chiefly by Laveran and Mesnil in 
the Pasteur Institute. So far the best products known for treating 
diseases of this class are, first, atoxyl, which still remains the most 
widely used arsenical compound, mainly for ‘‘sleeping-sickness”; 
secondly, arscnophcnylglycine ; and lastly, a derivative of arseno- 
phenylglyeine discovered by Oeehslin, namely, Osarsan; but quite 
recently the Rockefeller laboratories have put out the amide of 
phen yl glyei nearsin ic acid, 

^ /NH CII2 CONII2 
\AsO3HNa. 

This is only feebly toxic and seems to be superior to atoxyl. 

By reviewing all the available data one may arrive at certain 
interesting conclusions. In the first place, although Hata investi- 
gated derivatives of l;)oth trivalent and pcntavalent arsenic in their 
action on spirillosis in fowls and relapsing fever, he did not compare 
the arsinic acids with either arseno compounds or arsenious oxides as 
to their value in the treatment of syphilis in rabbits, and this leaves 
an unlbrtunate gap to be filled. Moreover, the experimental results 
with r('la])sing fVver and spirillosis were not always in agreement with 
pjhrlielfs tlieoric'S : from (‘xperinients in vitro, Ehrlich concluded 
that trivakait arsenic dc'rivativ(‘s should be more active than those of 
pentavakait arscaiic, (vcai in vivo ; but on this very point his con- 
clusions wc're not (‘onfirmed by Ilatafs n^sults. Thus, taking dichloro- 
pluaiylarsinic acid as one example^, this acid cmdainly has an action 
on th(‘ lUM'Vous systc'in of animals which would make its use on man 
dang(i’ous ; but it is a- much more energx'tic agemt against certain 
parasite's (han tlu' arsc'iiions oxides and, iiuk'C'd, is quite as active as 
sahairsan. Again, to take' anotlu'r example', aniinohydre)xyj)henyl- 
arsinie* ae*id is nnieh ine)re' active than ate)xy!, e)f Avhich it is a, ek'rivai- 
ti\a', a gre'at iiuTcase' in activity havnng re'sultc'el from the' mere 
inlre>elnctie)n iA' a hyelre)xyl grouj) ; it is, in fact, quite as active 
at any rate' te)warels the' elisc'ase's e)n which it has he'e'ii trie'el, as the* 
ce)rre‘S})e)nding arse'iie) ce)in])e)unel, nanu'ly, s'dvarsan. Se) in this e'ase, 
(‘e)nve'rsie)n e)ran amine) inte) an amine)hyelre)xy de‘ri\aitivc brings about 
a sharp jnnip in activity, but little' or ne> alte'ration fe)lIows the' change' 
fre)ni the' aciel to the arseno ek'd vative. Ile'iice one may say that, 
in this instance, an oxidation has hael just as beneficial icsults as a 
re'eluction. 

Bcsielcs, there is no evidence that aminohyelroxyiihcnylarsinie, or 
any other acid, should not be as effective as salvarsan in experimental 
S3q)hilis (rabbits). If it is proved that the effect on the nervous 
system is always associated with the presence of the arsinic acid 
group, then we might hesitate to utilise the substances in question, 
hoAvcver active they might be ; but at present the examples studied 
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4- Chloro-2-niethylphenylarsinic Acid {Barts Meiliod ). — 15 i»m, 
p-chloro-o-toluidiiie is suspended in a mixture of ;50() (‘.(*. wat(‘r and 
200 c.c. hydrochloric acid (sp. gr. 1-1.9), and diazoliscHl at 5'" by the 
addition of 150 c.c. of a 2N solution of sodium nitrile. To I lu' diazo 
solution, 180 gm. sodium arsenitc in 200 c.c. watca- is gradiially a(ld(‘(l, 
followed by about 200 c.c. lOA^ caustic soda. Nitrogxai is (‘VoIv'^chI. 
When the reaction is over, the exc{‘ss arsenious acid is oxi<!is(sI by 
adding 75 c.c. hydrogen peroxide (80%). Tlu^ magnesium salt ot the 
arsinic acid is isolated as in the exam])lc above, using two litres of 
magnesia mixture. The yield here is only 8 gm. The fnx^ acid is 
obtained by decomposing the magm^sium salt with hydrochloric acid. 

The arsinic acid may be nitrated as in the jncec'ding (‘xainplcx 

2 : 4-Dihydroxyphenylarsinic Acid {Action of Arsenic Add on 
Phenols). 

Resorcinol ....... 110 gm. 

Commercial arsenic acid, 75° Be. (== 83%) . . 171 ,, 

are mixed and heated on the water-])ath. Cryslals gradually separal (% 
and after an interval of some hours the (Tystallim^ mass is crushed up 
with acetic acid, filtered off and waslunl two or ( hna* I iuK's wil h ae(‘l ie 
acid. The yield of clean product is 145 gm. 44 k‘ compound is nsadily 
soluble in water or alcohol, sparingly so in ae(‘lic acid or aeeloiu'. 

5- Nitro-2 : 4-dihydroxyphenylarsinic Acid {Nilratlon of the above). - 
To a solution of 46*8 gm. of the dihydroxyph(‘nylarsinie acid in 
50 c.c. concentrated sulphuric acid, eoohal lo O ’, a m!\lur(' of I t e.e. 
nitric acid (sp. gr. 1-4), mixed with its own volunu' ofslrong siilphiirie 
acid, is added. The mixture is to be stirred vigorously ; jis nil ra! ion 
proceeds it thickens, so that it is an advan(ag(‘ not lo slarl wilh all 
the arsinic acid but only about (wo-l hints, and lo add I he n'sl when 
about half the “ niixcal acid has Ixam inlrodue('d. 4'be mixlur<“ is 
left overnight and pounsl on to ie(a Vi(‘ld : tlw gm. 

When this product is treated with bromine in ae(‘lie aei<l solulion 
the arsinic acid group is disjdac'cd and dibromonil ron'soreiiio! I’ormed. 

5-Amino-2 ; 4-dihydroxyphenylarsinic Acid {Redaelioa of the Nitro 

Groap). — 82-5 gm. of tlie nitro acid is dissoKaal in 8)00 e.e. water and 
100 c.c. lOiV caustic soda, and treabal wilh 70 gm. sodium hydro- 
sulphite. Reduction takes place witii ris{‘ iu 1 (‘inperal una To I Ih' 
colourless solution C2 gm. glacial acelic acid is added ; llx' amino 
acid is quantitatively precipitated. For imrilicalion it is dissolved 
in dilute hydrochloric acid, treated with bone-black and ivj)reeipil at ed 
by sodium acetate. 

4-Nitro-2-carboxyphenylarsinic Acid {Barts Method.). 

5-Nitroanthranilic acid . . . 18-5 gm. 

Hydrochloric acid (sp. gr. Id2) . . lOO cie. 

Water , . , . . . 50 „ 
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A solution of the above is made and diazotised at 5° by adding 
50 c.c. of 2iY sodium nitrite solution. To the filtered diazo solution, 
26 gm. sodium arscnite, dissolved in 50 c.c. water, is added. When 
the nitrogen has all been evolved, the mixture is made neutral to 
congo-red by adding lOiV caustic soda, and the arsinic acid thus 
precij^itated. Yield : 22 gm. 

4-Hydroxy-2-carboxyphenylarsinic Acid vid the Corresponding 
Arseno Derivative.— 14-5 gm. of the above nitro acid is dissolved in 
180 c.c. water and 98 c.c. lOiY caustic soda and mixed at 70° witli a 
solution of 80 gm. crystallised ferrous sulphate in 200 c.c. water. 
The precipitated iron hydroxide is filtered off, washed with 200 c.c. 
boiling water, and tlie collected filtrates evaporated until crystallisa- 
tion sets in. About 25 c.c. concentrated hydrochloric acid is added, 
until the solution is acid to congo-red, and it is cooled in a stream of 
water. The liquor is filtered off — it contains the amino acid — and 
diluted with 100 c.c. water, neutralised with caustic soda, 10 c.c. con- 
centrated sulphuric acid added, cooled to 5°, and sodium nitrite 
solution run in until an excess is shown to be present by starcli- 
iodide paper. The diazo solution is heated to boiling, filtered, 60 c.c. 
phosphorous acid (85%) and a little potassium iodide added, and the 
mixture hc^ated on the water-l)ath until no more arseno compound 
separates out (about half an hour). This product is filtered off and 
well washed with watc'r : it is suspended in a little watc^r and treated 
with hydrogiai jx'roxidi^ until a colourless solution is produced. This 
is ([iiiekly hlti'reil ; it rapitlly sc^ts to a crystalliiu' mass. 
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On-e li.'ive tlionpflit thut lli(‘ iuid (l(‘sci’\'<‘(i success of 

salvarsaii and tlic ot.lior arscnicnls would ha\{‘ pul an cwd lo r(‘S('arch 
among mercury derivatives, but, eurionsly enough al first sighi, th(‘ 
exact contrary is wliat really ha])jH‘n('(!, and aclix ily iii Miis field has 
never been so great as in the last lew years. On I’l'lhs*! ion, how(‘ver, 
one sees that this is not so surprising a n‘sult . Thus, in I he* first 
place, if arsenieals with more valuabh' th(‘rapeulie [irojx'rl ies maybe 
produced by suitably modifying simph' d(‘ri val ives, why, om* might 
ask, should not similar successrul nssulls Ix' olilaiued Avith UKU’CMirv 
compounds*? Secondly, as more' and more eases wen* (realed with 
salvarsan, it became evidcait that lh(‘ number in which a eomplep' 
cure, without rela])se, was efhxtixi was nbalively small and lhal w(‘ 
were, as yet, far from realising Phrlieh's “Iherajiia slerilisans 
magna."' S])eeialists on syphilis lluaefon' iemhxl mor<' and more lo 
adopt the j)raetie(‘ of eomliining inl(msi\’e arsenical with |)r()longed 
mercurial treatuu^it. It should, mori'ox'er, lx* nobal lhal as I he 
technique of intravimous inj(‘elion was imrainiliar lo many medical 
men, tlu^y ixanaiiuxl loyal to menmry. 

Investigators had then two aims in \ iew : 

(i) To discover a. nu'reurial derivaliw willi a rapid ad ion lhal 
should cleanse lh(‘ primary lesion as <|uiekl\' as ai'scnie, and al I ho 
samc‘ time Iiasa* a inor<‘ <'nVel ixe cni'al i\ <> ael ion m I In* sceondai'N' and 
tertiary stage's. 

(ii) SiiUH' then' is (h'cidcdly a demand toi- mercurials, lo 
devise improA enu'iil s so as lo make I he iii j('eli()n as painless as 
possihh'. 

i lu' hrst ohji'cl has no I been reached ; I he second has been a 1 1 a i iK'd 
but not ill a ('omphtely sal isfaelory manner. 'The doininal ing leal iiri' 
oi the wliok' history of ix'si'areh on nierenrials is lhal the ralio of 
curative' dose to toxic dose has ix'ver Ix'en modified lo an\' eoiisidi'r- 
a!)l(‘ degree*. 11, (x*e‘asioMally, soiix' iinpro\ <‘menl seems lo ha\ (' Ix'i'ii 
made, as in Launoy aiul Ije'vaelili s ('xpi'niiK'iil s ou s\'phihlie* rahhils, 
yet, whem the te'sts have* he'e'ii e^einliniu'd on the human subjee*!, it 
has been founel eitluT that (he* prexluds in (jueslioii we're no better 
than known ones, e>r tliat, if the'iv we'iv any difiVn'nee', it was so 
slight as nert to eneenirage* grajipling with the' (lillienllie's of a pplvi ng 
them. 

Mcicuiial compounds may he divich'd into Ihrei' classes : 
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(i) True salts, ix., compounds formed by interaction of mercuric 
oxide with acids, such as mercuric chloride, acetate, benzoate, and 
so forth. It is characteristic of these compounds that all the com- 
bined mercury is set free as oxide when they are treated with a strong 
alkali. They are all very poisonous, no matter what acid they 
derived from, and their therapeutic action is always proportional to 
the amount of mercury present. Experimental therapeutics cannot 
be carried out in this group. 

We must disregard preparations containing minimal amounts of 
mercury, interesting tliough tliey ])e, as no organic mercury com- 
pounds are included among them. 

(ii) Compounds in wliich one valency of the mercury atom 
satisfied by an organic radical, e.g., aminophcnylmcrcuric acetate, 
methyl mercuric iodide, anhydro-a-hydroxy-mercurisalicylic acid, 
hydroxyphenyl mercuric* chloride. Such of these compounds 
as have no nuclear Jiydroxyl or acidic group are insoluble m 
caustic soda, the others are soluble. In every case, caustic soda 
docs not throw down mercuric oxide, but the alkyl- or aryl -mercuric 
hydroxide : 




'NHo 

irg«(OoCir3 


Insoluble*. 




^Nlla 

TIgOlI 


/Oil 

^ iign 
SoiubU*. 




XirtiOH 


'riic coinpoinuls of tliis cliiss iire ncjirly ;ill as ]i(>is()nous as the salts 
d(‘seril)(*d aboN^i*. 

(iii) ('(nnpounds in Avhich I ho moroury atom is associated wifb 
two organic radiools, r.g., nu !'onr\' diolliyl, nK'reury di])lK‘nyl. 

Th(‘S(‘ subslancos ar(‘ (piito slabh*, I In-y an* imaflVeted by f'anstn* 
soda. 

The I hr(*(' classes ol‘m(*reury eompounds })(*havc* diih'renlly towards 
such otlu'r reagc'iils as sodium suipliid(* and sodium hy(lrosul})hit w 
Those* ol‘ the* first group are* imme*eliate‘ly ele*e*e)m])()se‘d by sodiuin 
suljdiiele*, mercurie* sul])hiele> ])e*ing ])ree‘ipitate*el. Those* of the se'cone 
class are* also ele*ee)in])ose*el with idrmatiou of mercurie sulpliiele, bnt 
only half the nu*reury prese‘nt is precipitateel in tliis form, the othei 
half remains attacheel te) the emganic radical and links up with the 
second radical sot free by the precipitation, a complex sulphide being 
formed as an intermediate stage, thus : 
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/OH /OH /OH 

2C6H3— NOa + Nn^S > Cell,— NO, /C„ll,,-_NO, 

\HgCl Nltg S Jig 



/OH 

CeH,-NO, 

\ II, r 



/Oil 

-NO,. 


Derivatives of the third ela.s.s do not rea,c( will) sodium siilpliidc ; 
on the contrary, as vve see, sodium sulpliide is used iti (Iieir 
preparation. 

Sodium hydro, sulphite brings ahoul similar deeomposil ions, hul here 
the mercury is precipitated as mela.1. II' any iiilro groups are 
present they undergo reduction. 

Compounds of the first two ela.s.ses ha ve all much I he s.ame action 
on the organism, althougli it does appear that (he mono-aryl mer- 
curials are less toxic than the others. Ihil it should he poinled out 
that the exact degree to which a eomjjound of Ihis kind is lo.xie i.s 
difficult to deteriniiie. After the injeeliou several weeks may elapse 
before death ensues, although the animal does no( recover. II loses 
weight ; it suffers from enteritis ; it looks very ill ; hut il. endures for 
a long time. So one must needs wait hefore dra wing any eonelnsions. 
Furthermore, the particular resisl.miee of each individu.-il anim.al miisl 
be taken into account. May oik' Inilv say Mial one produet is more 
toxic than another when the adminisi ralion of I hr llrst is followed hv 
death after fifteen days, and lluil of Ihe .seeomi afler nineleen davs ? 
Generally, the toxic slrength is measured hy Ihe dose which e;mses 
death in two or three days, somelimes hy lhal which lakes len days, 
at other times by tlu* dos(‘ which hrings .ahoul a progressive loss in 
weight. If, for example, a. certain ainouni of ,a inenairial causes an 
animal to lo, sc weight for four days and I hen hegin lo fallen again, Ihe 
toxic dose may he considered lo he Had whi,di, in je,ded'"inlo an 
equally heavy animal, just sulliees lo cause progr.'ssi ve wasling, 
continuing until death supervenes. 

Ihe dialkyl and diaryl mercury derived ives are nol more |)oisonous 
than the eorre,sponding uncomhine<l org.-mie radie;ds, exee))t, perhaps 
those of the lower memhers of the aliphatic series ami certain ])arti- 
cularly unstable comjxmnds whi(di will he deserihed later (niereury 
diami nodi hydroxyd i phe n yl s ) . 

Besides the substances in the above Ihive classes, I here are others 
which, strictly speaking, could also hc' ])laeed in one or other of those 
groups, but which arc best considered apart. Thus, there are com- 
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pounds in which mercury is attached to nitrogen, mercury succini- 
mide, mercuric cyanide ; others in which mercury is attached to 
sulj^hur, and so forth. Examples are : 


Sodium mercury thioglycollate, Hg<^ 


•S-CHvCOaNa 
CHa-COaNa. 


Dithiocarbamates, Hg 


/S-CS-N(CH3)2 

•CS-N(CH)3),. 

These thio derivatives are true complex sulphides stable towards 
sodium hydroxide, but losing their mercury when treated with sodium 
sulphide. The dithiocarbamates are soluble in organic solvents 
(Delepine), and those derived from amino acids are, as sodium salts, 
soluble in water (Fourneau). 

/S-CS-N(CH3)-CH2-C02Na 


\S*CS*N(CIl3)-CH2-C02Na. 

Preparation and Properties of Some Mercurials. — In this section a 
description of all lenown organic mercury compounds will not be 
attempted, nor will all those actually utilised be described, but the 
aim will be to illuminate the more interesting features of this branch 
of chemistry. 

If a layer of metallic mercury be covered with one of methyl iodide 
and ex])ose(l to sunlight, there gradually forms at the interface, 
log('ther with a little mercuric iodide, a, mass of crystals. In a few 
days all tlu* methyl iodide— and much of the nKi-eury — has dis- 
appearc'd and oidy thes(' crystals remain. The substance is almost 
completely dissoh'cd ])y etluu’, and wlu'U the ethereal solution is 
alio\V((l to cwapoj’ale sloAvly by exposun* it lcav{‘s bcdiind a, crop of 
s|)k'ndid crystals of mclhylmcrcuric iodide*, ClI.^-llg-L 

This curious r(*acfion is not a gt'rK*ral one*, although it oce'urs also 
with allvl iodide. Other alkyl iodidess r(‘a(‘t. rurlh(*r, the* action oi'tlu* 
nu'rcury h(‘rt' b(‘ing to rc'inove* c*ompk‘te‘ly the iodine* rre)m two rnole*- 
e'ular proportions erf the* ioelide. So in order to e)btain the.* highe*r 
homologues of nu't h3dm(‘rcuric iodide, me‘rcury elialkyls must first 
be* niaek*, the'se* ele*rivati\"e*s b(*ing re*adil}^ feirmeel by int(*rae*tie)n e)f 
alkvl iodid(*s anel soelium amalgam in alcoheilic se)lution. 

The* nie*re'ury alkyl ceimpounels arc re‘pute*d to be very ])oise>ne)us, but 
in re*alit\" lh(*y luive* neit ]K‘cn invc*stigate‘el to an}’ gre*at e*xte*iit. 
Se*hae rfe*r\s re‘e*e*nt weirk on compounds prcpare‘el b}" Tiffe*ne*au ^ 
sugge*sts that he)me)k)gue*s above mercury dimethyl arc only fcebl}^ 
teixic. ]\[e*re*urieli])re)])ie)nie aciel. 


/CIloClIo-COJI 

IW - - - 

\ciIoCII.,CO.JI, 


may be mciitioiiccl in passing. The sodium salt of this compound is 


^ Bulletin des Sciences Pharmacologiques, 1924, 28, 65-69. 
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soluble in water. It is quite non-poisonous and at one time great; 
hopes were based on it (E. Fischer). Not improbably, if this mole- 
cule were made less stable, as by the introduction of a. hydi'oxyl or 
amino group, some or all of the toxic propcrticss would be regained. 

The hitroduction of mercury^ takes place with outstanding facility 
in the aromatic scries, a mercurial radical entering the ring as easily 
as a nitro group. Thus, if almost any aromatic compound be warmed 
with mercuric acetate in dilute acetic acid solution, a <leri\'alive is 
formed containing one, or even two, mercurial complexes, 
— Ho-COa'CHy The presence of other substiluents, provided the 
s/ ortho and para positions are not blocked, facilitates 1 he reaction. 
Phenol and aniline yield a, mixture of ortho, para and di-suhstituted 
mercurial derivatives. p-Nitro|)lienol reacts [jraetically instan- 
taneously and yields the monomercurial derivative : 

OH 

/^llg-COyClI, 

\/ 

NOa 

whilst o-nitrophenol gives a mixture ot mono- and di-suhstil ulcd 
derivatives. 

When mercury salts of aromatic acids an* lasahsl lo a c(a-hnn l(‘m- 
perature (100°-1C0'''’) the nuavury alom migrafi's into flu* ihig ; ihis 
action takes place with a.cids ol‘ all kinds. Mi'rcnric Ixsizoale, tor 
example, reacts tluis at : 

(CellsWJIg - 1 0,1L 

Hg 


The reaction is at an end when a, Idlh' of 1 he snl)sfiine(‘ no longer 
gives an oraugc-eoloiired preeipilal(‘ with sodium hydroxidi'. 

These mercury mono-aryl eomjiounds rea<lily yield diaryl dci'ixa- 
tives, thus : — 

(1) By treatment with sodium snlj)liidc : 

2R-IIg C02Cir3 + Na.^S - HgS | ^ ).,Na 1 Ilgik,. 

In this reaction the sulpliidcy R-IIg-S-IIg-K, is ^■onn(‘d as an inlcr- 
mediate })rc)duet. 

(2) By heating with a, solul ion of sodium hydrosnlphil (* or si annous 
chloride. Any nitro groups jiiH'scmt ar(‘ sinmllaiK'onsly rcdneial. 
An example of this, which is iiHailioned again laha*, is l h<' following : 

/NO2 

2Ceiv-0H — > irgiron3(()n>Nii,|,. 

\Hg-C02-CH.j 


^ “ Merouratioii ” or “ McrcuriHation.” 
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A third method of preparing diaryl derivatives is to treat aryl 
bromides, e.g., bromobenzene, with sodium amalgam in presence of 
ethyl acetate : 

2 CeH 5 Br + HgNa, = 2NaBr + HgCCeHs)^. 

When many mono-arylmercurie salts are treated with arscnious 
chloride they give the corresponding arylarsenious chloride (Roeder) : 

/NO^ yNO, 

C<.H,-OH + AsCla = HgCl, + C,I-l3-OH ; 

\Hg’Cl \AsCU 

when treated with iodine, the mercury atom is displaced, an iodine 
atom takiniTf its place ; sometimes another is introduced at the same 
time. 3-Nitro-4-hydroxyphcnylmercuric acetate, for example, yields 
diiodonitrophenol. 

Mercury di aryls interact with arsenious chloride when tlie two 
substances are heated together, the mercury being displaced by the 
— As -Cl 2 group : 


CeH, 




Ilg + AsC'l 3 = -1- 


IlgCl 


NasCi, 


Th(‘ main interest in tiu'sc' compounds centres round this redaction. 
Sodium also will dispIncH' ni(a*eury from tlie diaryl d(‘rivati\'(‘S : ^ 

((^,!r,J.JIg -I- Na.> 2C,1L,-Na -f Jig. 


Mercurial Chemotherapy. — All tlu^ efforts to bring about some 
alteration in tlu* ratio C : T may be ri'gardisl as friiitl(‘ss, as has already 
been obscn-vc'd. As far as the lirst class of nu'reiiry eompounds is 
coneeriu'd, variation is impossibka The acid may be ehang(‘d, with 
advantag(‘, wlnm ('m])loym('nt is in epuhstion, but the curat iva* vahu‘ 
is unaff(>et('d. Th(‘ toxic stnmgtii is always proportional to tlu' 
amount of UKaxairy itsi'lf ])r(‘sent. 

Th(‘ most widc'ly uscsl mcTcurial nuslicanirnts an‘ all membtn's ol 
the sc'cond class of eom])ounds. It is not that lh('S(‘ substances ai’t* 
mor(‘ aeti\'(‘ than t lu' s<dts, but I hat t lu^y ari* k'ss t roubk'sonu* to us(‘— 
thus, injc'ction is gx'iu'rally a. eomparali vely jiaink'ss o[K‘rati()n. A 
typical (‘xampk' is UK'reury salieylat (g or rath(‘r t Ik* jiroduet imjiroprrly 
so calk'd. This eomj)ound is not, strictly speaking, a. simpk' salt, as 
the mc'rcury atom is dirc'ctly attaclK'd to the nuek'Us by om* ol its 
valency bonds. It aftually exists as th(‘ internal salt, anhydro-c- 
hydroxynuTCurisali(ylic acid, in neutral solution, whilst it dissolves 
in alkalic's by virtue' of the carboxyl group. It may also be rendered 
more soluble by salts, e.g., sodium chloride, sodium methylarsinate 
(the product is then called Enesol), or sodium hydroxyaminobutyrate 
j^this combination is Asurol). But no matter what combination is 


^ Acree, Chemical Socict)j s Abstracts, 1903, i., 724. 
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formed, the therapeutic activity is always proportional to the amount 


of mercury present ; 

^OH 



/Oil 

C«ILr COM 


/Oil 

C.lly -COoNa. 


A nitrophcnol derivative, namely, nitn.liy<li-(.xyi)heiiylinercnric 
hydroxide, has been recommended as an anl isei)l ic I'or dressini-' wounds 
or chiefly for making antiseptic soap. If is soluble in eauslic soda, 
and 2:)0sscsses eonsidcrallc baclerieidal |ioU(‘i. 

Hennophemjl is a mereury-plienoldi>;uipli<in'de. 

Afridol, also used for preparing antiseihie soaps, is fhe sodium salt 
of the mercury derivative ot toluie acid, t II;;‘(.|,ll.|(ng()n)'t.()^Na. 

Besides the above, a considerable number of organic niereurials 
have been patented : niercurii>lienoxyaeelie acid, niereuri-di-salieylie 
acid, the inercuri-aniino-sulphonate. Jig : N-SO.dv ; sulphaiuino- 
phcnyldimethylpjTOZolone mercury (Kolle and Seheillin) : 


CH3 

C 

CH-N" ^C-NH-50/Hc^-OH 
QHgN CO 


Kolle made lliis coin|;)ouii(! l h(‘ suhji'cl of iin iiu i sl ion iind 
came to the eoiielusion thal it Avas supi'rior lo any oIIkt nicreuria 1 
product, but not 111 no- more has IxM-n la-ard o!‘ it. 'rin- sniiu- imiy lu- 
said of most of tlu' others. 

A characteristic* ])roj)(‘rly of all the eompomids of tin- lirs! two 
classes is tliat aftt-r inj<*e1ion I he mcreiny aceiinmlat < s in (-frl.-Mn 
particular parts of tin* body, and llie saiiK- i lTei-ls, \ iz., iirphrihs and 
diarrhoea, arc always prod ue(*( I . IMorenw-r, and tins p<fnil mu.! h*- 
emphasised, itdoesno! mallei’ wha! aynii! is nsf d I o i-nnh r so! iil nld \ , 
sodium chloride, sodiimi mel hylarsinal e, and so forih, om- ecnhyrani 
of mercury medal is, to all inli-nls and purposes, as loxir m the one 
case as in tlu* olh(‘r. Sjx'cialisl s and mannrael m !ii<': druyyisls now 
and again make play upon words; e\iden!ly a yixrn weigh! ol‘ a 
product containing two moleeiih’s of I he in< i !iy larsi nnf <- lo oik- 0!’ 
mercury salicylati* will no! have 1 he sanu- loxie erfeef as I Ik- saiiK- 
weight of anoth(-r produel eonlaining the I wo eompomids in e<jui- 
molecular proportions l)ul lo oblain I la- sami- !h<-rapeu!ie n-sulls 
just so mueli more will nei-d lo lx- inji-efed. There is, imieed, lilth- 
to hope* for in this series, at h-ast. om- can hard!\^ expeel n-sults liki- 
those obtained with a.rs(‘ni(‘ compounds, when-, as wi- have si-i-n, a. 
considerable alteration in toxic sirengih and eui’atix’i- activity Avas 
brought about by a small modiiieation in eh('ini(‘al f‘onst il ution. 

The dialkyl and diaryl mercurials arc*, hoAvi-vc-r, not in the same 
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plight ; here some success may be achieved. Mercury diphenyl is 
not poisonous : 0*5 gm. may be given to a rabbit with no more dis- 
tressing result than that the animal fattens ; but the compound is 
quite inactive in syphilis. Schraiith and Sehoeller have investigated 
this group of compounds at length, and record certain observations, 
noted also by Blumentlial, that are most interesting in connection 
with the destination of the mercury inside tlie organism. A particular 
study was made of elimination, and for the first time it was found that 
mercury thus combined does not accumulate in the usual organs ; 
this evidently means tliat the organic mercurial complex is not 
broken up and that the mercury is carried along by the rest of the 
molecule. That conrpoimds wliich immediately lose tlieir mercury 
and compounds in which it is firmly ])ound should be thus sharply 
divided, and there be no derivatives of milder character between, is 
obviously very douljtful. The aim of the investigator is to find these 
intermediates. 

A recent discovery l)y Fourneau i\nd Vila is of great significance. 
When the molecule bc'CoiiK's less stable, it ])ecomes more toxic, even if 
the mercury atom 1)0 associated with two aryl radicals. This is the 
first indication of any consichTable variation in toxic strength among 
the derivatives of a j)artienlar series. The mercurial derivatives of 
j;-nitrophenol will l)e ciled as an illustrative examples Tlu* com- 
pound. 

Oil 

XO, 

'"'Migib 


is vaa’y poisonous, nearly as j)oisonous as coi‘rosi\'(‘ snblimatcg al least 
if tlu' dos('s r(‘[)r(‘S{‘nf (‘(jiial a mounts of inercury. Wlam it is con V(‘!*f ed 
into the diaryl compound, leaving (Ik* nitro grouj)s infaei, niereurv 
(linif rodihydroxydi p!i(‘nyl is oj)la.ined. Tlsis subslanee, 


NO./ 


-on 
'XX (h. 


is nol lo.xie, {‘Xet'pl inasiiUK'h as it is a niiro eoin|)oum!. U is wrv' 
stabh‘ amd is ('liininateil by the organism unehange<l wilhout e.ny 
sign of nu'rcuria! j)oisoning apjxsiring ( Flu men I ha!). It has no aeiioti 
in syphilis ('xpi'riiiKml ally induecal in rabbits. 

]5ut wlum th(‘ nitro grou|)s ar(‘ r(‘duc(*d, jnc-reiiry dianiinodi hvalroxy- 
diplumyl is fornual, and this product. 


1!'0\ 


/Oil 

'•vNir.,, 


is, like all aminoj)henols, (uninently reactiv(‘ ; its solutions in alkalis 
blacken immediately, and when they are afterwards acidified, no 


amorphous substance, is thrown down. Now this diamino derivative 
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is very poisonous, although its mercury is not removed either by 
caustic soda or hydrosulphitc. It is not, however, stable towards 
the living cell. Probably what happens is that it is quickly burnt 
up ” in the organism and the mercury set iree tluai cxhil)its its 
characteristic poisonous properties. 

When the amino groups are acctylated the diae(‘tyl d(‘ri\aitive pro- 
duced is more stable than the parent compound and also less toxic 
but still more so than the original diiiitro compound, diaeetyl 

derivative has a marked action on spiroeluets, and, tor Uu* lirst tiim^ 
in mercurial chemotherapeutics, syphilitica chancre's on rabbits wc're 
cured by administering less than the toxic dosc' (Launoy and J v(‘va( liti ) • 
but when attempts were made' to apply tlu' product to thc' human sub- 
ject it was found to be useless. Thus, in the' lirst place', it lia,d to be 
injected into a vein like salvarsan or neosalvarsan, and tlu'n one or 
even two injections of a nearly toxic dosc' wa,s insuHk'ic'ut to brimr 
about as quickly as the arsenieals tlic' disajqx'aranec' of tlu' priniary 
symptoms of syphilis, so there was ac'tually no advanlag(‘ to be 
gained. Nevertheless, this is a beginning along an ('ntirc'ly iww line 




CHx\PTER X 



ADRENALINE 


It was known in ancient times that in the bodies of animals there 
were certain glands that possessed toxic or curative properties. The 
chemical composition of the active principles responsible for the 
effects in question was later the subject of much investigation, but 
until quite recently ^ only one of them, namely, that from the supra- 
renal glands, had been separated in a definitely pure condition. This 
substance was isolated in 1901 by Takamine, and called Adrenaline.^ 

Constitution.— Adrenaline is derived from a homologue of catechol, 
in the side chain of which mcthylamino and secondary alcoholic group- 
ings are present, thus : 

^^^NCon,CF(Oir)C'II.,NIICIl3. 

110 / 

I'his structure was, iji ])art, iiulieated by the results of oxidising the 
(liuK'thyl ether. W^hen the phenolic hydroxy groujys were methylated, 
and so tlie aromatic radical ])roteet(‘d, tlu' ])ro(lu(‘t, dimethyl aclrcaui- 
line, ga\'(‘ on oxidation s'cTalrie acid and dimethylamine (or trinuthyl- 
aininc il‘ tiu' amino group also wiu-e indhylati'd), togcdln'r wilh other 
produces. As tlic carboxyl grouj) r(.‘pr(‘sented the original side chain, 
t lu‘ ])osition of tlu' Iniirr was sidtlcd : 

/(K'lr, /oni,(i) 

()CJ[, - > C'„1U ()('IL(2) MVircciij),. 

M:ir({m)cii,Niicir, Coji (i) 

Wlu'ii adnaialiiu^ was fused wilh (*auslie potash the products wen^ 
eatc'chol, protocati'chuic* acid and methylamiiue ddK‘s<‘ ri'suUs still 
lett doubt as to th(‘ ])osition of th(‘ alcoholic hydroxyl, hut it was 
found that when tin* tri-lx'nziau'sulphonyl d('rivati\(‘ was oxidisial a 
ketoiu^ was produccal, yvhich was no longin* opt i(*ally acti V(‘ yet whos(‘ 

^ Koiidjill has now isolatisl <li<‘ aittivi* [)niua()l(‘ of tho t liyroidghuid, having worked 
up the extra(;t from aJiout three tons of tho glands. The sidistaiiec is a cf/dohoxene 
derivative of tho struetiiro : 


all 'c=C-CH,CH,COiH 


CHI 


'CH 




•NH 


■CO 


and has been named by its discoverer “ Thyroxin 

- With the name of Takamine should be associated those of Abel, von Fiirth, Aldrich, 
and others. 
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molecule contained the same number of carbon atoms as that of the 
original alcohol ; furthermore, when it was hyclrolyscal it gave 
adrenalone, which had already been obtained synthetically. 

This constitution for adrenaline has been finally confirmed by the 
complete synthesis of the compound, as will ))e shown hficr. 

Properties. — Adrenaline is a base and with acids forms salts whicli 
mostly do not crystallise readily (the eomni(‘r(*ial product, is nsnally 
the hydrochloride), lleing a dihydrie ])]u‘nol, it dissolva's also in 
caustic soda. 

The carbon atom to which the alcoholic hydroxyl is al ta<*lK‘d is 
asymmetric and so adrenaline is aeti\(‘ towards polarisc'd light. 
Natural adrenaline is laevo-rotatory ; the sp(‘<*iJie rolalion })(‘ing 
— 53*3° (Bertrand). The dc^xtro-rotatory form lias only io 
the activity of the itevo-isomeride in raising tin! bl()0(l--])r(‘ssiire, and 
can even render the latter less effc'el iv<‘ if injeet(‘d lierorehand in larger 
enough doses. So it is that racemic adn^ialine, as oblaiiu'd synl h(i i- 
cally, only half of whieli is the larvo vari<iy, is somewhal !(‘ss t han 
half as active physiologically as tlie natural sul>sta,ne(‘. 

Several colour reactions are oharae(<‘ris( ie of adix'iialiiK'. TIh'sc* 
reactions arc accounted for by tlic laet that its moh'eult* eonlains 
two phenolic hydroxy] groups situated orfho to one another. lArrie 
chloride produces, in a. dilute neut ral or w(‘aklyaei(l solnlion, a gr(‘eii 
coloration changing to violet, or n'd on adding alkali. \Vh<ii a solu- 
tion of adrenaline is expos(‘(l to (h(‘ air il Ix'coinrs la'own. TIk' 
oxidation of whieli this is t]i(‘ nNsuIl is vaslly at'cclcrnf cd by vai'ioiis 
oxidases, sucli as thos(‘ found in t in* iiik-hng of tlu' eullhdish and in 
certain toadstools ; these oxidases rapidly bring abonl ! he Ibnindion 
of black pignuails r(*seni])ling tin* nainrai iiK'laniiK's. JM;i\’be !h(‘ 
oxidation of adn'iialine in the animal organism lakes jilaee in a similar 
way. 

Already in 185(3 Vnl[)ia.n ha<l nobsl lhai Ihe snpiarena! glands 
contained a substance^ giving a. go'en eojonr wilh leij-ie eliloihh* 
and a red one with iodine. Several oxidising agcnls lia\c since Ixsm 
used to characterise adnaialiiu' by iiHsans of (*ol<Mir rcaelions. TIk* 
best known arc iodic acid and t la* p<‘rsu}i)}iales. W’iMi iodie acid, and 
in presence of sulplainilic achl, a, \ isibl<‘ ox! <*o|(>r;!f ion is oblained al 
a dilution of 1 : 5,000,000. With a. 0*1 % solid ion of sodium pi'i'snl- 
phatc, the same coloration is oblained at llii' same dilniionoii ‘gmllv 
warming. With a. solution ol‘ sodium lungsfali' in phosj)horie acid 
(Foiin s reag('nt), adrimaliiic^ may lx* (h lix-Icxl al a dilniion oFoik* in a 
million or even. 1:3,000,000. Folin's reagcnl is prepared by dis- 
solving 100 gm. sodium tungslat(‘ in 750 e.e. ^va!er, adding 80 e.e. 
phosphoric acid (<S5%), lioiling IIk' mixlnre, cooling it and diluting 
to 1 litre. The presence of ingm. of adrenaliiu' is shown by this 
reagent. 

Colorimetric methods based on these nxictions have tiirnishcd a 
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means of estimating the amount of adrenaline in the glands of various 
animals. Thus, in cat's glands 0T25 gm. per kilo, has been found ; 
in sheep’s glands, 0*8 gm. ; in those of the whale, 0*247 gm. 

The origin ot adrenaline is unkno^vn. It is conjectured that it is 
derived from an amino acid, namely, dihydroxyphenylmethylserine, 
/OH 

Cell, ---OH - 

\Cn(On)*CH(NHCH3)*COoH, 

by decarboxylat ion . 

This supposition is supported by the fact that the dihydroxy- 
plienylalanino, C(jH 3 ( 0 H) 2 *CH 2 *CH(NI-l 2 )*C 02 H, has been isolated by 
Guggenheim from the pods of tlic broad-bean. 

Synthesis of Adrenaline. — The synthesis of adrenaline has been 
attempted in several woys, the aim ])eing botli to establish definitely 
its constitution and to ])rovide a. basis for its manufacture, because the 
isolation of natural adrenaline is a costly }:)roccss. 

The classical method, which still seems to give the best results and 
is proba])ly the only practiea])le one, was devised by Scholtz and 
patented ])y tlie Farbwerkc* ^'orm. Meister, Lucius and Briining in 1901. 
The starting point is eaic'cliol, which is condensed Avith chloi'aeetyl 
chloride'. Tlie iattc'r subsfance is (‘itlu'r employed as suc'h, in which 
(‘ase a little' zinc chloiha' is addt'd to a(*t as a. catalyst, or the catechol 
is mixt'd with chlora(*c'l ie acid atid [)hosphoriis oxychloride. When this 
mixture' is lieaU'd on ilu' wat('r-batli, tlie chloracetyl ('hloride 
fornu'd intt'raets with th(' cati'chol, se'tling free' hydroge'ii (‘hloride, 
and gi\'ing (‘hlorac(.'toeat('ehol, I hus : 

/OH /Oil 

I (i coaui > c,iL,—oii + iici. 

^011 \c( )c'ieci 

To an alcoholic suspeaision of the' product a, cold conce'iit i*atcd 
aepicous solution of mctliylaminc is added. At iirst all got's into 
solid ion because' of 1 lu* acidic nal ur<- of I lu' plu'nolic h}alroxyl groups, 
1 Ik'U soon mcl hylaniinoae'cl ocal ccliol, which is sparingly solubh' in 
waic'r, is ])i'('ci[)ital(*d. It is colk'clcd and \vashed iirst with alcohol, 
t lu'U with (‘I lu'r : 

L\,n/ni)/ 0 -CnXl -l- 2N1I./C'JI3 --> LeiyOlljo-CO-blls-Nil-CUIa. 

I’lu' iiK'f hylaniinoacetocate'c'hol so ohtaiiU'd is n'duec'd c'itlu'r with 
aluminium amalgam or ('li'ctrolytically. The kc'ione b('comes con- 
\'(‘rt('d into a se'condary alcohol, ra,c*emic adrenaline being produec'd : 

( Jl 3 (OII)yCII(OII) (TU\TI*ClL. 

This rc'duction is dillicult t(^ carry out because the amino group in 
an aminokc'tone is very readily split off. 

Tlie optical isomcrides arc separated by means of an optically active 
acid, e.g., tartaric acid. The mixture of tartrates obtained from the 
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racemic base is treated with methyl alcohol, d-adrciiahiu‘ d-ta,rtrate 
dissolves, and the less soluble Z-adrenaline d-tartratc remains behind. 
The latter is converted into the hydrochloride and then forms com- ) 
mercial synthetic Adrenalin. 

By employing the above process as it stands half of the product 
would be lost, and synthetic adrenaline is not cheaply made. Tliis 
disadvantage can be overcome, however, by heating the by-product, 
d-adrenaline, with hydrochloric acid, and so converting it into the 
racemic mixture. The separation may now again l)e ciicctcd, the 
dextro variety produced this time again raeemis(‘d and so on until 
all has been converted into the hevo form. Only tlu' latter is of 
therapeutic value. 

Attempts have been made to synthesise a.(lrena]ine in sevcnail other 
ways, thus : 

(1) By methylating dihi/dra.vi/pJuUfijl^ 'This basc‘ is 

obtained by reducing aminoacetocateehol, which its(‘ir is preparcal 
either : 

(a) By condensing chloracetocatecliol with ammonia, or betten*, 
with hexamethylenetetramine : 

CeTl3(OH)2 CO CILyNJr2 ; 

or, (h) by hydrolysing with hydrochloric aeid th(‘ product of con- 
densing together hippuryl chloride and V(‘ral;role : 

0^114(0013)2 + Cl-COCILyNnCOC^jlI, 

— > C3ii3(ooi3)2COCii2Niico(\jn, 

> C6ll3(OII)2CO-Ol2Nir2. 

(2) Barger made several a,tt(‘m])ls to produce' adn'iialiiK', slarling 
from piperonal or methyl vanillin (ve'ral raldchyd('), bill wilhout much 
success. Wlu'ii th(‘S(‘ aldchyde's an' In'ate'd with magiK'sium na'lliyl 
iodide secondary alcohols an' Ibrnu'd, which may bi' de'hydraP'd lo 
the corresponding ('thyk'iu' dc'rival iv('S. Tlu'se' imih' wilh bromiiu' 
to form dibromides, and the dibromide'S are' e'einve'rle'el by Ihe' ae*(ion 
of water into bromh3alrins ; tlu'se; j)roelne'ls are' llu'ii Ire'ale'd wilh 
mcthylamine : 

CHsOVc^H^-CIIO + ClIa-Mfr-r . (('Il,()).,:('„II, ('Il(()n)-( Il, 
CH30/ 

> (CllaO)^ : C8lI.,-CJI : CIL, > (Cir/)), : C'oirC'nUrCll.lJr 

> (CIIjO)^: CoIl3 CII(OII) ('l[,Hr 

— > : (:oir, ('n(()n) (:ii3 Nii c’ir.,. 

The reaetie)ns to this stage' give ne)t unsal isfae'l eiry yie'lels. It is t!u' 
final stage, the convc'rsion of the (‘tlu'r inle) I he' pare'iil phe'iie)!, that is 
troublesome. The elimination of th(‘ t\ve> me'thyl gre>ups is always 
accompanied by that of tlu' amino group. Bottclu'r I he)ught that he 
had overcome this diiliculty in the case of the pijx'reinal eh'rivuiti ve by 
^ This base is on the market with the trade name ArlircnoL 
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removing the methylene group before treating the bromhydrin with 
methylamine. This he effected by treating the intermediate product 
first with phosphorus pentachloride, then with water, but the sub- 
stance obtained, 'vvhich should have been dihydroxyphenyl ethylene 
bromh3xlrin, gave with methylamine a product which did not crystal- 
lise, and Bottchcu- could not definitely prove that adrenaline w'^as 
present. Mannich took up the question later and showed that it is 
doubtful whether the bromine atom is replaced by meth^damine, as 
an ether is formed which may give the two isomeric amino alcohols 
together. Thus, for example, from dimethoxyphenylchloroethanol, 
(CHgO)^ : CeIl3-CH(OH)-CH2a, the two isomerides, 

dimctliyl adrenaline - (CH30)2 : CeH3-CII(OH)-CPIyNHdTr3, 
and dimethylwo adrenaline - (CHsO)^ : CeH3<TI{NH-CTl3)*CI-LX)n, 

may be obtained. These two bases differ in the way they b(‘have 
towards hydriodie aeid. Tlie first, unfortunatei}^, is not converted 
into adrenaline, tlie meth^damine group being detached, but the 
second gives an almost quantitative yield of the demethylated pro- 
duct, i.s-oadrenaline, which, however, has none of the physiological 
properties of its isomeride. 

The pre])aration of various homologues and analogues of adrenaline 
has been undertaken ; thus, .irierenol is adnaialiiu^ without the 
medhyl grouj) (Bayer). Dihydroxyjdunyl-propanolnmitu', /.e., homo- 
art(TenoI, C(.ri 3 (GlI) 2 dTr(()n)XdI((dL)*NlIo, ^ also Ixnn mad(‘ and 
found to rcs(‘mbl(‘ both adrenaline^ and (‘pheelrine' ; it is obtainexl by 
rexlucing t]ie‘ e()rre‘S|)e)nermg kede)ne‘ with hyeire)gen in ])re*s(ne*e' e)f 
])latinum e)r pallaelium. The‘ kede)ne is ])re‘pare‘el by a medlioel wliieh 
is nolenvortliy, be‘e*ausedf enable‘s an aminoaeyl gre)H]) to be^ introdue‘(Hl 
into a, inole‘eul(‘. Thus, in 1 he‘ e*ase‘ in point, phtlialiniidopre)pionyI 
chle)ri(le‘ is ee)nelens(*el with vei’alrol : 


/c:o\ 

h cbC(>cii(cir3)-N\^,^/cxii4 

— > ('„! i:,(()cii3),-co-( ' I „ 1 1,. 


T1k‘ pre)duet is hyelrolyscd (and dcnietlpylatexl), giving 
C6n3(OlI)2CO*ClI(Nll2)CH3, 
whieh is then reduced. 

This nc'W base* has been separateel into the twe) optically aeti\'e 
isomcride\s and the hevo fe)rm again found to be more active physie)- 
le)gically tlain the dextro variety (Tiffeneau) ; indeed, the difference 
here is more marked than that between the two adrenalines, as the 
hevo dih^alrox^qilienylpropanolamine is at least thirty times more 
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active than the dextrorotatory Ibrm. These siil>stances apjx'ar to 
be less toxic than adrenaline. 

Wliilst trying to prepare a similar compound, Maiinicii obtained, 
exclusively, the a-amino isomeride, 

C6H3(OII)2-CH(NI~ITIl3)<TI(OIl>C:iI,^ 

which was examined by Kobert and shown to liave nont^ of the pro- 
perties characteristic of adrenaline. 

Various substances closely related to adrenaline' are eoniinereial 
products, namely, Honiorenoii, ethylaminoa(*('toeat(‘(‘hol, o)-c‘thyl- 
ainino-8 : 4-dihydroxyacctoplK'none, ; 

Epinhie, dihydroxyplienyletliylmetliylaniine, ('(jir:j(()ll) 2 *(d 
•NH-CHg; and, of course, Jrierenol, C 3 lJ 3 (()J[) 3 dd 1(011 
The first two of these arc not as active' pliysi()le)oically as rae'cmie- 
adrenaline, whilst the last is almost as aetive as adrenaliiu' ifsell'. 
Epinine is obtained by reducing tlu' e)xinu' o! honiove'ral rahhdiydc^ 
and demethylating the produet. IIe)nH)V('ralraId(‘hyd(‘ is produce'd 
by the action of ozone on eugenol nu'thyl e'tlu'i*. 

Commercial adrenaline is net entire'ly 1 lu' syniliel ie* proelue'l ; sonu' 
is obtained by extracting suprarenal glands. Th<‘ cxlrael ion is mt 
a simple matter, because theproeluet is so ea,siiy oxidist'd. Jli r( raiuTs 
method is the one to be reeomme'iide'd. Itsse'nf iaily il consisls in 
using a solution of oxalic acid in ale'oliol as I la* (‘xlracfing ageni . 
Albumins remain undissolved, whilst tlu' base' goe's info solid ion as 1 li<> 
oxalate. The extract is evape)rate‘d te) elryiK'ss and f Ik* n'sidiK* f ri'alid 
with pc'troleum etlie'r to remove' Tats and lijxiids. If is I hen dissolv'd 
in water and the oxalie* ae*iel pre'cipifab'd by adding I he cxacllv iinni's- 
sary amount of lead ae'e'late'. 11 k‘ seilid ion is e'onccnl nd cd in vavuu, 
and the adrenaline iinaily ])re'e*ipital('d by ammonia. In I his way 
Bertrand obtaincel T25 gin. adre'naline* IVom 1 kilo, of 1 br siiprarcmil 
glands of the liorse'. 

Physiological Action of Adrenaline. Tlu* j)hysioI(»gi(‘al bmefion of 
adrenaline is still obscure. At om* fina' il was considered Jo Ik* wrv 
impoitant, l)ut nowadays, e'liie'lly as a. rcsulf (>1 I he \\(>rlv (>l Sb'warl in 
America and of Gley anel his pujiils in Framv, IIk* lendency is io 
regard it more as a W'aste product. 

When adrenaline is injcclcd into I he blood if acts on I he fennina- 
tions of the synipatlietie nervous syslem ; Ibr (his reason if, was 
thoiiglit to he the chit'f regulator of llu' nmetions (h'peiideid on 
this system, and that eonsequenfly flu'n' miisl lx* a physiological 
adrenal in aemia witliout whic'h liic' organs would nof I’ullil (lu'ir 
functions properly. 

Cannon and de la Ba,z based on tlie r('sulls ol Iheir r('s(‘ar(*h('s a. 
very attractive theory, which caus(‘d quitch a, sl ir at the linu'. Accord- 
ing to these investigators, strong emotional c'hangvs bring about an 
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increased secretion of adrenaline, and the resulting hyper adrenalin semia 
is responsible for all the physical manifestations accompanying the 
emotions (ashen appearance, hair standing on end, glycsemia, relaxed 
sphincters, etc.). 

Certainly these phenomena result from an injection of adrenaline 
into the blood, hut, in the first place, removal of the suprarenals or 
ligature of the suprarenal veins does not prevent their appearance ; 
secondly, to produce them artificially needs much more adrenaline 
than is normally present in the blood, even at times when the quantity 
is at a maximum ; lastly, adrenaline is never found in the blood of the 
vena cava above tlie sub-hepatic veins, nor in the blood of the heart, 
so how the latter can be affected by the adrenaline is not very clear* 
However, it is no less premature to conclude that adrenaline is a quite 
useless ])roduct, because as yet nothing is known of the influence 
glands can ('xert on one another, or of the indirect action of hormones, 
or, in general, of the action of the constituent principles (not to say 
the activ(‘ prin(‘ipl(\s) of the organs of internal secretion on the 
chemical systems in the organism. The fact that a poison like 
adrenaline disappears from the blood during its passage through 
the liver doc's not necessarily indicate that it has done its 
work ; it may be converted into a substance of which we know, at 
present, neither the chemical constitution nor the physiologicaJ 
prop(‘rti(‘S. 

Tlu‘ footw^ay hc're is somewhat inse(‘ui‘e and W(‘ shall gain iiothing 
by going furilu'r. Ij(‘t us him bank to tlu* ])harmae{)!{)gieal pro- 
pertic's possessed, in iaet, not only l)\' adnnaiiiu*, but also, in varying 
dc'grc't'S, by a series of (haa vativ(\s of plienyh'thvlamiiK', or, to put it 
still nior(‘ g(Mi(‘rally, by the /i-su])stitut(‘d ethvlaiuiiu^s. 

Th(‘ eharaetc'i'isi i(* efl’eet prodmasl by adrt naliiU' is that which it 
has on tlu' (‘iids of th(‘ sympalludie nervous system. Its th(‘rapeuti(* 
valiug and ])(‘rlia])s also its j)hysiologieal import aiua^, an* intimately 
eomu'ctc'd with the I’umdions regulated by tlasi' wrvvvs. laxeitalion 
of the* sym])ath(die system causes (*onst ri(*t ion of t Ik* blood-NK'sseis ; 
administration ol‘ adrenaline lias the same elTeei. Constriet ion takes 
})la(*(' in c'Very artery, exec^pt tlu* coronary arlc'iy, whieb. suppii{‘s the 
muscular walls of tin* heart itself, and p!‘rha])s rdsotlu* arterii s of tlu* 
lungs. Tlu‘ c'fh'ct is most juarked on the capillari(‘S : \vhen adrena- 
liiu' is ])ut in contact with the skin no action takers phua*, ])ut ^vh(‘n a 
mu(*ous surface is W(‘t with the solution, it is rapidly ])lanch(.‘d as a 
rc'sult of the amemia, j)roduccd by tlu^ shrinkage of the arterioles. 
The use* of adrenaline in therapeutics depends on this vaso-constrietive 
a(‘tion ; certain kinds of haniorrhage, as, for example, in tlie eye, may 
bc‘ arrest ed by direct application of the drug, and it is widely em})loyed 
in association with some local anaisthctics. If the latter be injected 
without adrenaline they arc rapidly carried away by the blood 
stream because they are so diffusible, but if adrenaline be injected at 
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the same time, the resulting vaso-constrietion holds up the local 
anaesthetic so that it can exert its action within a. delinitc area. 

Adrenaline exerts such a vaso-constrictive action on the walls of the 
alimentary canal that practically nothing taken by the mouth can be 
absorbed in the stomach or intestine. The action is so marked that 
I the administration of adrenaline has actually been recommended as 
i a means of preventing a poison from taking effect. 

^ Adrenaline causes a very marked rise in thc‘ arterial blood pressure. 
This is brought about by the constriction oi‘ tlu‘ art(‘ri(‘s and also, in 
part, by the greater vigour of the heart’s contractions, for which the 
excitation of the sympathetic nerve endings in tliis niuseh^ is respon- 
sible. Adrenaline is a powerful analeptic and is, in fact, a,dminist(a*('d 
^ to sufferers from various infectious disease's (iidhu'ir/a, typhoid), 
partly because of this action on the lu'art, partly also Ix'caiisc' of its 
^ antitoxic action. It is chiefly employtsl in s(‘rious ease's of cardiac 
syncope. 

When adrenaline is dropped into the eyt' of an animal, ])r('rerably 
an excised eye, the pupil becomes dilated. This ('ffeet is that of a, 
stimulation of the sympathetic n(‘rv(' ('uding associated with the 
muscle that controls the iris. Tlu' mydriatic action Ik'H' must not 
be confused with that of the alkaloids ol' tlu' Solanac('a' ; atropiiu' 
also causes dilatation of the pu[)il,but this is not du(' lo excitation of 
the sympathetic nerves, but to paralysis of the motor lu'rxx's, which 
have an action on the muscle of the iris c*ontrary to that of tlu' 
sympathetic. 

Adrenaline has an action on various internal organs; it, arn'sls tlu' 
peristaltic mov('mcnts of the int('st iiu's, but, on lh(' other hand, it 
^ stimulates the contractions of tlu' ut('rns, particularly in e('rlain 
animals. 

If the amount of adrenaline in the blood h(' iner('as('d llu' ('ai’ho- 
hydrates stored in the liver arc' sc't frc'c, and I Ik* concs'iil ral ion of 
glucose in the blood may rise' to such a. point that it pass<'s through 
the kidneys and appears in the urinc'. 'Jdiis (‘fleet is known as adrena- 
line glycosuria,. 

To the action which icsults in all th(‘S(‘ (‘flVels at [hr \'arious 
endings of the syinpatlu'tie nc'rvous system iiarger and Dah' have 
given the name synipathomimc'tic action.” d'o which part of tlu' 
molecular structure ol adrc'ualinc' is this charaelei'ist ie pro])erty diu' ? 
This is the question, ty])ieal of those uk'I, wit h in t liis Ih'ld, t hat Harg<'r 
and Dale have' taelded in masterly fashion. 

Relation between the Chemicai Constitution o! Adrenaline and its 
Sympathomimetic Action.— First of all, adrc'ualim' is an amim'. Ali- 
phatic amines act to some c'xtc'iit on I hc' artc'rial blood pn'ssun' and 
the activity, although 1(‘(‘])1(‘, increase's with rise' in moh'cular W('ight. 
It is quite market with normal and ivo-aniyl-aniiiK' and rise's till the 
C 7 amine is reached. When an aromatic nueh'us is attached to the 
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aliphatic chain, the action is augmented to a surprising degree, but, 
if the sympathomimetic action is to be really noteworthy, there must 
be one, and only one, carbon atom between that to which the amino groap is 
attached and the aromatic nucleus. Thus, benzylamine, CgHs-CHg'NHa, 
and phenylpropylamine, C6H5-CH2*CH2-CH2*NH2, are both much 
less active than / 5 -phenylethylainine, CeHg-CHg-CHa-NHg, in which 
the nucleus is separated from the carbon atom carrying the amino 
group by only one other carbon atom. The introduction of a 
hydroxy group para or meta to tlie side chain in phenylethylamine 
brings about a remarkable increase in sympathomimetic activity, l^ut 
if the substitution take place in the ortho position, it has a deleterious 
effect. 



1 and II show great activity. 
Ill is almost inactive. 


As wc shall s('(‘ later, p-h3alr()xyphenylcthylaniinc is a naturally 
occurring base, known as t^n-amine, and has a therapeutic action 
similar, (pialitativc'ly at any rat(‘, to that of adrenaline. The intro- 
duction of a s(‘Cond hydrox^d group still furtluT incrcsises the activity, 
provided that it tak(\s up a. ])osition ortho to tlu^ first. Tiffeneaii 
c\stablish(‘d this ])()int in his r(‘s(‘arclies on the lower homologues of 
adnaialiiu'. 

Dih^alroxypluaiylel hylaniiiK^, or Eplnine, alread}^ has a pliysio- 
logieal action (*omparal)l(‘ with t hat Arferoiol, although lc‘ss intc*ns(‘ 
(alxait j). So (h(‘ aleoliolie h\alroxyl grouj) is not an esscaitial ])art 
of t h(‘ mol('eul(‘^ ; its ehief 1‘unetion is that of conferring asymmetry, 
so that two isomc'rides arc' j)Ossii)l(', tlu' aetivitic's of which may diffc'r 
('onsidc'rably. Aminoac'c'toeatc'c'hol (adrc'iialoiu') ;md arterc'iiol, the 
eorresj)onding alcohol (racc'inic form), arc' almost c'Ciually active* ; 
the' symj)athomimc'tie ac*livity is therefore the same' for the kc'tonic 
as for the* sc'C'ondary <a]c*oholic group. 

Furthermore, in compounds analogous to adrenaline but possessing 
no phenolic grou]rs, the alcoholic hydroxyl has no effect, the unsub- 
stituted amines and the aminoalcohols dc'rived from them have a 
like sympathomimetic action. Thus the base, CgH5*CH2'CH2'NHo, 
has the" same activity as the alcohol, CgIl5*CH(OH)*CH2NIl2. 

^ Nevertheless, between racemic dihydroxypheixylhydroxyethylmethylamine 
(adrenaline) and dihydroxyphenylethylmethylamine, there is a much greater difference 
in activity. 
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A methylamino group is present in tlie adreiiiiline nioleciile : the 
mctliylamino group has the same effeet as the amino grou)) itself, but 
it is iiot so potent. If the substitution be eontinued, the tertiary base 
is obtained ; in a compound of this kind tlic sym])athomimetie action 
is very feeble. Thus tyraminc is very active, but hordenine, the 
corresponding dimcthylaminc derivative, is a, drug of which several 
grams per day may be taken. 


cjr 


on 

tTLedlvNlb 

Tyr amine. 


/Oil 

t'di, < 

Hordenine. 


Further interaction of a. tertiary ]>as(‘ with methyl iodide^ prndneths 
a quaternary anunoniimi iodide and a eomj)l(‘t(‘ ehan^v in physio- 
logical properties results. Synipathomim(‘tie activity is suppn'ssed 
entirely. The iodide certainly hihigs about an ineu'ast' in llu' blood 
pressure, but this is not due to direcd exeitalion of I lu' ((‘rminat ions 
of the sympathetic system, but to an action similar lo that of 
nicotine. 

Tiffeneau has studied the physiological ac'livily of lh<‘ lower 
homologues of hordenine and cpinine, of thc' eoniiiounds in whi(‘h 
the aromatic nucleus and the amino groii]) iwv atlaelu'd lo llu' sain(‘ 
carbon atom. The first of tliese compounds is about as aeliv(‘ as 
hordenine itself, that is to say, it is Yvry feeble ; 1 h(‘ s<‘eond has about 
a hundredth the activity of adrenaline. Thus llu' rul(‘ I hid only 
compounds with the aromatic radical in tiu' /Fposilion (o Mk' amino 
group are aetiv(‘ is again substantiated. 

There art* various ways of nu'asuring I la* j)hysi(>logieal arlion of 
these com])ounds. To make sun* lhal a jirodiu*! posscssrs sympalho- 
mimetie propc*]'! ies it must ])e shown lo ha\<* an aelion al all lla'lcr- 
minations of the s\'mpatht‘lic syslem. Oih* of llu* simplest losls lo 
carry out is that on tlu* [)upil of llu* rye. Tlu* two eyes of a frog arr 
excised, transh'rred to conical I (*st-glas.srs, eovrrrd wilh lunger's 
solution, and expost'd to a. bright light so as lo make I Ik* pupils(*on- 
traet as far as possible*. A solution of I Ik* j>roduet under <‘\aminal ion 
is run into one of the contain(‘rs, TIk* ini (‘usil y of I Ik* illumiiial ion is 
kept constant while the diam(*lers of I hr pupils an* eomjiared. In 
another metliod, tlu* technique of which is not dillieidt but whieh 
also gives only (pialilative results, sinall poi’lions of lV(*sh arb'rv'' an* 
usetl. These* are lixe*d b(*t wee'U clamps and Irealrd \vdh a solution of, 
e.g., aelre*naline, and the* (‘ontraet ion rrgisirred graphieally on a, 
elockweirk-drive'U drum. C.'annon adopte'd Ihis me'thod in many of 
his iiu'cstigations on the rclalionship bet wee'ii adre'iialine* ajid the 
emotions. 

There are two clucf methods of c*stimating ([uant itative‘ly the 
physiological activity of the compounds in this group. In the iirst 
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of these the action on the arterial blood pressure is measured (pressor 
effect). 

Barger and Dale usually employed cats for the purpose. Their 
technique is very complicated. To ensure that the effects were due 
solely to excitation of the synq^athctic, the central nervous system, 
which might affect indirectly the sympatlietic system by a stimula- 
tion of the suprarenal glands, had to be eliminated. This was 
effected by removing the brain or l^ehcadi ng the animal ; in any case, 
artificial respiration was necessary to keep the heart beating. The 
method is unsatisfactory also, because a simple effect is not measured, 
since the rise in blood pressure is caused both by vaso-constrietive 
action and by that on the heart. Tiffeneau ^ has shown that accurate 
and eomparative results may be obtained if the cat be simph^ ehloral- 
osed under the influence of atropine. 

The sec'ond method is relativ(‘ly simple. It also gives quantitative 
results and has bc'cn cmiploycd by Liiwen and Trendelenburg for 
estimating adrcaialine in very dilute solutions. An artificial circula- 
tion is s(‘t up in tlieJ()W(*r limbs of a frog, the rate of which is measured, 
keeping the lu'ad of liquid constant, by the number of drops per 
minute leaving the system. The vaso-constrietive action is measured 
by tlK‘ change in the rate of circulation when the adrenaline is added. 
The irog is decapitated and an iron wire puslied down its spine so as 
to destroy all the spinal cord and thus eliminate all the central 
nervous syslmn. Th(‘ abdominal wall is slit at (‘a(*h side* so that it 
hangs down belwc'cn tin* I wo hind h gs ; attaelusl to this membrane 
is th(‘ antc'i’ior abdominal xAn by which tlu* solution is to tanergo. 
The rc'iial portal veins an^ ligalun'd, and then all the organs in tine 
abdominal cavity a ih* nanova'd so that th(‘ dorsal aorta is exposed, 
Finally, l)oth Ibiv* limbs and fh(‘ whoh* thorax i\vv cait aw^ay. The 
prc'paralh )!! is fixed up and a. small cannula. ins(a‘ted into tine aoi’ta, 
so fhat Kiiieaa* s sohdioii, eonlaiinsi in an as[)irator bollhg maybe 
inirodueed From a In ight oF afxuit 10 e.m. ; elr(ailation Ix'gins, and the 
aid erior abdominal wan beenmes swolhai ; win n it is m ( his {‘ondil iori 
an incision is made and a, small glass cannula mserft'd so that tin* 
li{[uid may<lrip (mi. Ia([mlibiamn is soon altaiinal afid tin* rah* at 
whi('h fin* drops Fall b(*('omes sl(*ady, lln* num!)(‘r oF drops and tin* 
linn*, in miimtes, being reeord(‘d on t In* r(*vol ving drum. Thes()luiiou 
oF llu* pr(Khi(*t to !)(* tested is now addl'd to the llinger’s solution by 
inj(*eting it through a Bravaz syringes into the rubber tube eouueeting 
the aspirator bottle Avith tin* eainmla in the aorta. The decrease in 
the* nnmb(*r oF drops per minute Falling from the vein givx'S an exact 
UK'asnn* oFthc va,so-eonstrietion produced. 

Tln'R* is yc'i anotlu'r method wliieh appears to give quite good 
n suits. This eousists in measuring tin* contractions of an isolated 


(Jonq)ti’d rendiiSf 1915, 161, 
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uterus. It has been chiefly employed in investi^j^atin^r eonipound 
analogous to adrenaline. Other sympatlioinirnetie substances alsi 
augment the intensity of contraction. 


OTHER NATURAL PRODUCTS RESEMBLING ADRENALIN] 

The vaso-constrictive action of an extra(*t of ca-got, \vhi(‘h is vea-; 
similar to that of adrenaline, lias been known for a long tinua Analo 
gous vasomotor activity is display(‘d also by ecalain base's ])ro(lue('( 
by the iDutrefactive decomposition of protc'i ns. Tyrainiiu', p-hydroxy 
phenylcthylamine, OIT*C 6 H 4 *CH 2 *CIl 2 -Nll 2 , is ty|)ieal of this class ; i 
doubtless originates from tyrosine, tlu' e()rresj)()nding amino acid 
Putrefactive bacteria, and the ergot fungus, can, in fact, bring aboit 
the decarboxylation of the amino acads from which prote'ins an 
built up. 

Amino acids of the aliphatic se'iak's an* similarly (h'composc'd— 
lysine, for example, undergoes dccarl)oxylaii()n, giving c*ada,V('rin(‘. 

I But the bases derived from amino acads containing cyclic nuclei a,r( 
1 che most interesting from a physiological |)oint of vic'W, bc'causc' of the 
more or less marked activity towards the tcaaninal ions of the' syin 
pathetic nervous system displayed by some of Ihc'm. Wlu'ii Ihc'ii 
formula? arc examined it is seen that all eonsisl of a nuch'us with i 
side chain, and that there is an amino grou]) atlachc'd lo Ihc' sich' chaii 
in the /3-position. y5-Phenylethylamine, CjjHr/CdL-C'ir-^NIIo, is I he 
simplest member of the group. This compound was discovc'rc'd ii 
putrid meat by Ncncki (1876). It may Ix' pr('j)a,rcd by rc'dnciiijL 
benzyl cyanide. ^-Iminazolyl-ethylamine ‘ (Tra-dc' name's : Kr^dhi’niv 
Histamine), 

Nil ( 11 ^ 

I AHdL,(ir.,NIL, 


has been isolatc'd from ihc' c'rgot of ryc' and found lo ha\'(' IIk' properl y, 
characteristic of the drug, of ])roducing uleriiu' coni rac'l ion. t’or I his 
reason it is considered to bc' Ihc' most imj)orlanl acli\’<' principh' in 
ergot. Industrially it has bc'c'ii obiainc'd by bacb'rial pul rcfacl ion ol 
histidine, 


Nil CIL 


CH 


- n/ 


CCJIyCdllNII.JdOdl. 


Sevc'ral kinds of bacteria, may bring aboiil Ibc' dccai'boxylal ion. 
Tlie most active, na,jnely, BaciUus aminophilHs has bc'C'ii 

isolated by M. Bertlielot, of llu' Pasteur Instil utc'. The' decarboxyla- 
tion is carried out in vc'iy dilute' solution, viz., I -5 parls of histidine' 
per 1,000. Ili.stidine may also bc' dc'carboxylalcd by chemical 
means (Windaus), the rc'acdions involvc'd bc'iiig as I’ollows : 

^ 4-B-Aminoethylglyoxdiiie. Glyoxalinc is the orthodox Engli.sh naaio. --7V. 
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CH— NHn 


C — N 


>CI-I NaNO^ + HCl 


CH 2 CH(NH 2 )CO,n 


TL 


CHoCHCl-COaH 


CHa-CHoCOaH 


UfiH 


HCl 


NIL, NIL, 


CHo.CIIaCOaC’aHs 


.Imijl nitrife 


IlCl 


CILCHaCONHNHa CHaCHaNII-COa-Callj 


CII NIL 


C N 


>CII 


CHaCHa-NILHCl. 

llie synthesis ot Jiistaniiiic lias been cffeetecl by Pyinan. Diamino- 
acetonc hyclroebloricle is heated with potassium thioeyaiiatc, and the 
product oxidised witli nitric acid; simultaneously the- nitrons acid 
foimcd in the rcaiction acts on the amino to f;'ive a 'liydroxyi i^roup; 
this IS then replaced first by chlorine, then the eyano compound is 
formed, linally this is reduced. 

('ll NIK CII NIK 


CILNILIIt'l 

I “ ■ 

CO 

Cl K NIL 

cir .\ii 

t' - N' 


k'CXS 

— .> 


('ll 


C N"' 

I 

( 11 ,-ML 

(II MI 

II 

(’ N 


)CSll !!\(L 


-> C 




>cn 


ill 


('ir>()i[ 

ill MK 


(' 


X'll 




ilLAlLcNll, iuA'X iUXl, 

lJu' most (‘hai’iicl (‘I’ist i(' jirojiciiy oj liistnmiiU' is its Jiclioii on the 
ulc'rus io vai'ious nnimnls. A surj)i*isiiini y diiutt* solution will cause 
contraction, thus, a, markial (‘fh'cl is ohtaiiK'cl with a 1 in 25, 000, 000 
solution and (‘\’(Ui a 1 in 250,000,000 solution has a pcu’ccpliblc' ac'tion. 

/:^-rniinaz( )lyl(‘t hy la mi nc is a, A'ioJt'ut. poison, the action of which 
(‘aus(\s symptoms (‘xautly R'scmiblino- tliosi' ot anapliylactic sliock, so 
much so, india'd, t hat it has b(‘C‘n su<»'o-c>st(‘d that ana])hylactic shock 
involvc's tlu‘ lormation of similar poisons by decomposition of histi- 
dine or related amino acids. ^ 

^ Histamine does not ;,i ij,r. >.'1 mpatliomimetic group, as Barger has defined 

'V of all, beeaiise it is associated with hydrox y- 


the term, but it has been di-. 


I I iu- >.' 1 : 

■■d I 


« . i-.v iin, uet-ciuse ii- is associarea wiin nyaroxy- 

phenylothyla.mine in ergot ; secondly, because it is a /rl-siib.stituted ethylamine ; and, 
astly, betaiuse it is notewortliy in being mjueh more active than either its lower or its 
higher homologues. V 

V Q 


M. 
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Indolethylamine, 





possesses marked sympathomimetic activity. This conij^ouiid results 
from the putrefactive decomposition of tryptopluin. It has been 
synthesised (Ewins and Laidlaw) by condensino' y-ainitiobutyrylacctal 
with phenylhydrazine in the presence of zinc cliloridc, 

CHs-CHjNHa 

CeHs-NH-NHa + CIE 

i /OCJI5 


CCII2CH2NIE 

CII 


cir 


OCJI,. 


NIL 


Of all these compounds, the one inanufacturc'd on the lar^]j(‘st s(‘alc 
is tyramine, hydroxyphenylethyhiniine, OILCyll^-CIIyClIa-NIIo. 
This substance was isolated from putrid nu^at by (.rauli(‘r aiul from 
ergot by Barger. It is used in much the same way as axlrenaliiu', but 
does not act so vigorously. Synthetically it may })e obtaiiunl in the 
following way : Benzyl chloride is treatc'd with potassium eyanid(‘ to 
give phenylaeetonitrile (benzyl cyanid(‘), which on nil rat ion yi(‘lds 
j9-nitrophenylacctonitrilc. The nitro conijxiund is r(‘du(‘('(l and the 
amino group diazotised and replacc^d by hydroxyl. /^-Ilydroxy- 
phenylacetonitrilc, thus obtained, is reduec'd witli sodium and alcohol 
and yields the desired amine. 

Cells-CIIo CN — N02 C6ll4 C'll2-CN N 

I 

oiiCsir^ciLCJi.Nii. ()ir('„ii,('n.,('N. 


This process is ('m|)loy(‘d on th(‘ manuracl iiring scab', I lu' o\'('rall 
yield bcang (piite good. 

T^a-amine has bc'(‘n synt h(‘sis(‘d hy olla'i* nathods, bul, with llu' 
exception of that due to Boscaunund, lh(‘y ari* of no grt‘a( inlci'cst. 
Rosenrnund condcaiscd anisaldchydc wilh nil ronu'l haia* by Uk' aclion 
of sodium ethoxide in alcoholic solulion, Ihus ohlaiiiing y;-m(‘lhoxy- 
co-nitro-stvreiie, 

Cll.O Cell^ CIIiCir N(L, 

which on redaction with zinc a.nd acetic* acid gavi* nud.hoxy pluaiyb 
acetaldoxinic, 

CIIyOCeH^ClIyCIIrNOlI; 

this, reduced further with sodium amalgam, ga\a* the methyl ether 
of the desired amine, from whi(*h thc' nu'lliyl grouj) was nauoved 
by heating with hydriodic acid. 

The dimethyl derivative of tyramine, Hordenine, 

OHCeir4CHyCIIyN(CII,),, 

was found by Leger to be present in malt c*xtract. The* thc^rapeutic 
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value of malt extract in treating diarrhoea depends on this con- 
stituent. The compound is now employed as a drug in the form of 
its sulphate. Camus and, later, Barger, have shown that it has a 
sympathomimetic action, weak, certainly, but still strong enough for 
the compound to have a soothing effect on intestinal peristalsis and 
to act as a cardiac tonic ; perhaps, also, it is quite strongly antiseptic, 
being a phenol derivative. It is an innocuous substance, only 
wealdy toxic, and several grams a day may be taken. Hordenine 
was first synthesised by Barger, the starting point being phen3dethyl 
alcohol, a commercial product. This, treated with thionyl chloride, 
gave phenyleth^d cliloride, which, by interaction with dimcthylamine, 
formed dimcdliyhiminoethylbenzene. This was nitrated, the nitro 
group entering t}u‘ para position, and the nitro compound converted 
into the phenol l)y reduction and diazotisation in the usual way. 

Hordenine may also be obtained from methoxyphenylethylamine 
by methylating tlie amino group with methyl chloride, and then 
demethylating the phenolic group, or, as another alternative, by reduc- 
ing ^p-hydroxy-phcnyl dimcthylaminomethyl ketone, 

I10Ce5ll4C0CIl2N(CH3)2. 

There remains to mention another natural base, Ephedrine, w^hich 
is obtained from Ephedra vulgaris, a plant indigenous to Japan. This 
compound is interc^sting, b(‘cause it also is a derivative of phenylethyl- 
aminc, having, so it seems, tlu* struct un* : 

NIICIL 

I 

ColIyCn(OII)C!IICTl3. 

It is o])tiealIy active and lias a jnonouneed in^alriatic action. 
Fourncau, and later Nagai, o])tained the racemic form synthetically. 
Sc‘veral structural isonua'ides liavc* ])(‘en similarly })r('])ared. Quite 
r(‘ccntly Spath has suec(.'(‘d(‘d in s(‘paratingth(‘ of)tiealJy aeti\a‘ \uiri(‘t\% 
idenli(*al with th(‘ natural product, from a. synthetic j)reparati()n. 

Th(‘ formula, abov(‘ shows (‘phcdrinct to be an amine w'ith the 
(methyl) amino group in th(‘ /^-position relative to a [)h(‘nyl radical. 
We miglit c‘xpe(*t, them, from tlu'ordical considerations, that it should 
possess sympathominudic activity, and that this is so is shown by the 
effect the compound has on the pupil of the ey(‘. Nagai compared 
the synthetic raecanic form with the natural product and obtained 
results which led him to state that the two substances wTre equally 
active physiologically. This is very unlikely, and th(‘ investigation 
should be repeated. (See note at end of chapter.) 

SYNTHETIC PRODUCTS RESEMBLING ADRENALINE 

Besides the above natural bases there are a number of ph^^sio- 
logically active synthetic compounds of great theoretical interest 
from the pharmacological point of view. 
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/ 3 -Naphthylamine resembles aniline closely in cheniieal properties 
the resemblance also extends to the physiological properties. Eu1 
when ^-naphthylamine is reduced by means ot sodium and alcoho 
the molecule undergoes a profound change ; the ring to which the 
amino group is attached is hydrogenated and becomes aliphatic {cijdo- 
paraffinic) instead of aromatic in character. Ihus a weak base 
like aniline in behaviour, is converted into a strong (aliphatic) base 
the salts of which are neutral in reaction. The product is m 
longer a naphthalene derivative, it must be regarded as a bcn/.eiu 
derivative with an amino group attached to a side chain ; and in tlu 
^-position, for if the formuhe of y8-phenylethylaiuin(; and wc-tetra- 
hydronaphthylamine be compared, one sec‘S that t hey are not widely 
different. 


r'^CHrCHjNH, 


I 


A similar radical chan,ii‘e takes place in physiological propcn-l i(‘s ; 
the behaviour of tetrahyclrona])Iithylaininc‘ is lhal characli'rislic* ol 
the phenylethylamine group. It has a nia,rk(‘(l action on lh(‘ sym- 
pathetic system. The symptoms dcscribc'd ahov(‘ (vaso-coasl rid ion, 
standing of the hair on end, etc.) appear wlu'ii it is in jc(‘t(‘d into an 
animal. This compound, moreover, is (‘XC(‘[)tiona,l in bringing about 
a rise in body temperature ; very few substanc(‘s ha,v(‘ this propini y. 
Dilatation of the pupil of tli(‘ cyv is anothc'r characti'risl i(^ propm'l y ol 
the substance. 

Tetrahydronaphthyla,inin(‘ is, as \V(‘ lniv(‘ just sihmu a /i-pla'nyl- 
etbylaminc. It is also a j)lumyl[)ropylamin(% as tlu' a,inino group \< 
separated from th(‘ nnehais by two carbon aJoins, eoirnling oiu^ way, 
and three carbon atoms, eouniing llu‘ olin'r. Li't ns now I urn lo a;ii 
amine which is, so to speade, doubly a. /^’-pla'nyh'l hy htmiiu'. Such is 
- the methylaminohydrindene synthesist'd hy von lhaum (11)17). 

kH, yCW-i 

^Nll, 

Tliis is inte nsely active, as its eonsl ituiional rormnla wonld sugg('st, 
but, curiously enough, the activity is not inenaiscd by lh(‘ ('iilry ot 
a hydroxyl group into the aromatic nuehais, although subslil ution of 
this kind augments the aetivdty of all ih(‘ simpha* compounds already 
discussed. Von Braun supposes that tlu^ I)as(‘ is alnauly so active 
that the introduction of a hydroxyl group (ainiiot stiamgtluai it (?). 


To round off our study of vaso-constrietive medicaments we must 
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draw attention to the properties of certain alkaloids, as these illus- 
trate very aptly the pharmaceutical laws set forth above. 

Hydrastine is an alkaloid found in Hydrastis canadensis^ having the 
structure : 



Hydrastine. Hydrastinine. 

By hydrolysis and oxidation it yields hydrastinine and opianic 
acid. Now the amino group in hydrastine is in the ^-position to a 
phenyl grou]'), as the formula, sliows, but it is a tertiary group, and 
so has practically no sympathomimetie aetion ; tins, in any ease, 
would be cheeked by the opianic aeid radical and tlu* methylene 
group in place? ol the hydrogen ol tlie ]:)henolie hydroxyl groups. 
Hydrastinine, howc'ver, is diffcnait. IFcax' the* /5-amino group is 
secondary,^ and the (“ompound ])oss(\ss(‘s inai’lo'd vaiso-constrictivc 
activity and, index'd, all the otlua* ])rop(‘!ii(‘s ^vhieh wc' now (‘xpeet 
to Jind in this scaac's of compounds. 

IIydrastinin(‘ tnaite'd with alkali undea-gocs auto-oxidation, giving 
(di-)hy(lrohydraslininc and oxyhydrastiniiua 



H ydrohydmsli n Inc. 

In liydrohydrast ininc the amino grouj) is again t(‘rtiary and tlie 
sympathomimetic ac'tivity is almost com])letcly lost. 

Ilydrastininc has bcaai syntlu'sised by Dc'chca*, rorm\i-homo- 
pipea-onylamiiu' Ix'ing causc'd to ('oiuhaise^ thus : 



CHfCHyNHCHO 



The dihydro-i.s'c-quinolinc obtained, treated with methyl iodide, 
yields hydrastinine hydriodide : 

^ For a discussion of these formuliB see, e.g., Meyer and Jacobson, Lehrbuch der 
organ. Chemiet II, iii, p. 1030, — Tr, 
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llydrastinine liydriocUde}- 

Narcotine, one of the alkaloids in opium, is structurally very similar 
to hydrastine. Like the latter, it can be hydrolysed to opianic acid 
and hydrocotarnine, wliich, oxidised, gives eotarninc'. Cotarniiut is 
a styirtic and is used chichy in cases of uterine' hiemf)rrliagc', being 
marketed under the name Styjdicine. 





CH, 




0 


CH2 

I 

NH'CH 


3 


OCH3 

Cotar nine. 


Another opium alkaloid, Laudanosine, l)r(‘aks down Iik(‘ luircol iiu^ 
when oxidised, giving veratric aldeliydc^ a,nd a. l)a,s(‘ \'(a-y similar lo 
hydrastinine. This compound, tlie trad(‘ uanu^ oT whi(*h is Lodal, is 
related to hydrastinine as vcratric alck^hydc^ is to pijxM-oiial. 




CH 30 ^V^CH 0 

Lodal. 


CH, 

NH'CH3 


Narceine, another alkaloid closc^Iy r(‘la.l(‘d to eohu’niiK' bill ha.\'iiig 
a tertiary amino group, has no hu‘moslali(‘ pr()|)(‘rl i(‘s. 

The phenyl nueleiis is not th(‘ only oik' that can s(‘rv<‘ as a roimda- 
tion for compounds with sympal hominu'l ie projx'rl ii's ; if a /j-amiiio- 
ethyl group be introdu(*(‘d into oIIk't radicals, llu' products ar<‘ likcs 
wise active. Madinaveatia. lias naxail ly published I he n'siills oC sonu' 
notable work in the naphthakaic s(‘ri<'s. He shows Ibal I Ik* n'placc'- 
ment ot the phenyl by the naj>hlhyl group aiigiiK'nts lh(‘ vaso-eon- 
strictivc action in a very striking way. Hasing his obscrvalions on 
the effect produced by O-Ol gm. of ph(‘nylmel hoxycl hylnH'l hylamine, 

C«lIy(jr(()(]I,)('IIyNdr(’II,, 

he finds that the corresponding naj)hthyl derivativ(‘ is iniieh more 
active, even with a dose of 0-00()5 gm. 

CioIl7 Cn{OCIl3)-ClIyNI I C l 1 3 {(i) 

This opens up a most interesting lu'w Ik'ld. 

^ fcJee footnote on preceding page. 
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The introduction of a hydroxyl group into the naphthalene nucleus 
brings about a further increase in activity. 

Our choice of the subject for this chapter from among so many 
possibilities was dictated by the fact that in no other class of com- 
pounds employed in pharmacy are the relations between physio- 
logical action and chemical constitution so well displayed as in the 
sympathomimetic group. In fact, we consider the work that has 
started with, or centred round, adrenaline to be among the most 
admirable of any done in pharmaceutical chemistry. Syntheses 
that have no other aim than to complete a series, or make new 
compounds, are of indifferent interest, but if, by their aid, we may 
unravel the complicated mechanism of physiological behaviour, tliey 
become really valuable. 


Note on Ephedrine : — Fourneau and Kanao have recently [Bull. 
Soc. Chim. de France, 1924, 35 , 614), published a critical survey of 
earlier work on the synthesis of ephedrine and p.9^wdo-ephcdrine. 
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PirOSPITATIDl^.S 

The name phosphatides is given to sul)stane(‘s eonlaining nitrogen 
and phosphorus, derived from esters fontu^d by ecM'tuin polyhydric 
alcohols with the higluT fatty acids. 

The typical phosphatide is Lecithin. 

Lecithin is an ester-like eomhination of eliolinc with a glyeca-o- 
phosphoric acid, in whieli the two (glye{‘rol) hydroxyl groups not 
taken up by the phosidiorie aeid are (\slerli('d by tally acids of hioL 
molecular weight (one acid is always imsaluraled), mainly pahnirie 
and oleic. To put the matter eoneis(ty, ^\v may say lhat h'calhin is 
simply a fat in which one bitty acid radical is n'piaeed by that of 
choline phosphoric ester. It may lh(‘n he tormulaled in (his wav:- ~ 

CTI^-O- jialmitie radical 

CIT'O ()l(‘ic radical Oil 

I I /t’H. 

(llyO P()(()II) ().(‘IL ( IL N (11,. 

(It. 

Although our knowledge is by no UKsms comph hs loci! hiii has been 
the subject of more' invcssl igation lhan any olln'r phosphalidc, so we 
will discuss it in gTcal<‘r detail lah'r. 

Other ])hospho-li])oi(i comiilexcs, besides h'cil liin, liavc Ixrii isolated 
from, e.g., yolk of (‘gg, various animal organs, or xi'gelahh' tissues. 
Some of tlK‘sc‘ cannot sal istaclorily h<‘ rcganhal as ddiiiiti' (‘hemieal 
individuals, and thcar (‘xistenei^ as proximati' const it ikiiI s of (tic ecll 
must only be aeei'pted Avilh reserve. Others, on the e(nilrar\-, sneli 
as kephaliii and sphyngomyelin, si'cm to Ix' (piil(‘ dehnih' coinpomids. 

Lastly, a plae(‘ to itsi'll'ninst hv kept for d<-ole()leeil hin, L//snrilhi)i 
(Preston Kyes's eol)ra-l(‘eil hide), which is a eryst alliii<‘ snhslanei' 

( htained by partially hydrolysing ha-ilhin by imsans of cobra venom 
(I)e](‘zenne and Lcxldil ; I)el(‘'/emH' and lM)iirn(‘an, 11)1 p). Lyso- 
eithin lias certainly not yd hrvu found in lh(‘ normal tissuesOr llnids 
of the organism, but it, inori* than any other in fix' phospliat iih* 
group, is a (Idiihte elunnical indi\'iduab and for that reason I Ik* n'siilts 
of investigating it have a,id(‘d in el(‘aring up e('rlain obseiin' points in 
the chemistry of lecithin. Monxivca*, its pronounei'd physiological 
properties, particularly its lAowcnlul hjeniolylie action, and t Ik' ])art 
it is considered to play in certain of tlie procassses involved in poisoning 
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by snake venoms, make it a most interesting substance, and so we are 
justified in referring to it in some detail. 

Let us now review briefly the phospliatides of the first category. 

Cuorin. — In. 1907, Erlandsen, while investigating the phospliatides 
of the muscles of the heart, separated from an ethereal extract two 
fractions, one of which was composed of lecithin with, consequently, 
a nitrogen ; phosphorus ratio of 1 : 1, whilst in the other the ratio was 
1:2; it was therefore an aminodiphos^phatide and was termed 
Cuorin (Ital. cuore = heart). "Wlien hydrolysed, caiorin is broken up 
into three molecules of fatty acid, instead of two as in the case of 
lecithin, one of glyecrophosphoric acid, and one of a base which is not 
choline. 

Cuorin may be a homogeneous substance, or it may be a mixture. 
In this connection it is interesting to note that several exiierienced 
investigators have isolatcal phosphatides containing two atoms of 
phosphorus to one of nitrogen, from egg-yolk, for instance (IVIaeLean), 
from liver (Baskoff) and from kidneys. How'ever, MacLean is not 
eomnneed that the products obtained are pure compounds and, 
indeed, the ])hos])hatide ol)tained from the heart is not the same as 
that from th(‘ kidn(‘ys. 

Lev(‘n(‘ state's that cuorin is sim])ly kephalin contaminated vith 
stearo-gly(*('r()])h()s])horic acid and aminoethvl st('ar()-glycero})bos- 
])hat(*, tlu' latt('r compound Ix'ing the first ])roduet of thc' hydrolysis 
of k('])halin and eorre'sponding, therefore, to lysoc-itliin. ^ Lixcik' 
])uri(i('d cuorin by tre'ahiu'iit willi nu'thvi ethyl ketoiu', followed by 
prc'cipil al ion ol’ an ('luulsion in water with hydrochloric* acid, and 
obtaiuc'da ))roduel h‘!\ ;r-gall I he* prope r! ic's of k('])hal!n. 

Neottin.— 11’ affer Ire'aling e'gg-ye)lk with ce>l({ alcohol te) take* e)ul 
the* h'cithin the' resiehu' be- e'x 1 ra.cl e-el with be>iling aleohe)!, thc' se'ee)n(l 
C'xt raet bc'ce)me's (nrhiel eni e*oe)hng e)wing te) I he* se-parat ie)n e)fa while' 
substanc'C'. Le) this pre)ehiel tViinke'l ga.\e' (he* name* Ne'e>ltin. I'he 
sanu* substance' has be'C'ii e)biaine'el by e)the'r workc'i’S, and it sec'ins te) 
be ide'utieaJ with Dunham's carnaubon, ise)hile'el lVe)m e)x kiehie'ys. 
Mae'Lean’s iuN'e'st igal ie)ns Ic'ail him I e) ee)nelude' I hat it is ne>t hing me>re' 
than a mix! ure* e)f sphinge)mye‘lin and ee're‘bre)siele's. 

Vesalthin is the' name' gi\e‘n te) a me)ne)-amine)-nie)nophe),sphaliele' 
ise)late'd by Friinke'! fre)m e)x pa.ne‘i*e'as by e‘xtractie)n with he)t ae*(‘ie)ne‘. 
Vc'salthin ^vas sa.id to contain myristie* ae*id and a base' havang lour 
me'th\d groups a,ltax*he'd to the* nitre)ge'n ate)m, a surprising e'ne)Ugh 
ceuichisie)!!, sinc'c, if that wc're so it must eitlu'r be* a tetrameth) 1- 
ammonium salt or a compound of the Iowct homologue e)f choline, 
viz. : 

(CIl 3 ) 4 NOII or (CIl 3 ) 3 N(On)CIIoOII, 

^ It would seem from what we know of lysooithin, that aminoethyl stearo-glycero- 
phosphate should render cuorin intensely liamolyiie. 
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and the latter should decompose immediately into formal dc^hydc and 
trimethylamine. 

Vesalfhin seenis^ io belong to the group of 2 )hospJmH(le,s‘ the conipodtlon 
of which depends essentially on the method (f isolation. 

Jecorin, isolated by Drechsel from horse-liver, is another, typical, 
member of this group. It is a mixture of Iceithin, kc'phalin and glucose, 
containing a fair percentage of sodium. DilTcnait chemists havc‘ pub- 
lished different analyses, and the composition of tlu' substance dc'pcaids 
on the number of times it is treated with ethca* and alcohol. The 
percentage of sugar, for example, varies from II to 18 ; tliat of phos- 
phorus from 1*40 to 8-50 ; that of sodium from 2-8 to 0 ; and that of 
nitrogen from 2-6 to 6*2. But, although there is every reason to 
believe that jecorin is a mixture, it should be pointed out that t ha t the 
phosphatide (plant lecithin) in plants (rice, soya, oats, etc.), contains 
a considerable proportion of sugar (up to 18%). 

The most characteristic property of jccorin is its solubility in water. 
A combination closely resembling jecorin has l)ec‘n jyrc'pannl arti- 
ficially (Mayer); it also is soluble in water, and by this na^ans it is 
possible to administer Iceithin by subcutaneous inj(‘ction. 

To sum up, those phosphatides of which wc' hav(‘ just givcai a, bih'f 
account are badly dcirned substances, and cluanists an^ uura,va)urably 
disposed towards regarding them as individual (‘ompoiinds. Tlu^ 
same may be said of most of those isolated from brain-suhslancc. ’ 

More than fifty years ago, an English ])liysician, Thudichum, 
carried out an extensive investigation into th(‘ cluanical coinposil ion 
of the brain. He described a large nundxr of j)hos])ha( id('s, (lra,wiiig 
very subtle distinctions between one* and anoth(i\ No doubt, taking 
everything into consideration, Itiudichum really mad(' (h(‘ ([U(\s!ion 
unduly complicated, hut it must not Ik‘ IbrgolU'U (hat. \v(‘ ow<' (o him 
the discovery and exact d(‘scrij)t ion of k(‘j)halin and sphy ng()my(‘Iiii. 

One of the components of nervm tissiu^ has givcai ris(‘ Io much (‘xp('ri- 
mental work and busy discussion. T1 k‘ subslanc(‘ in <[iu‘slion is 
Protagon. 

Protagon forms crystals, that is to say, it aj)p(‘ars (o poss('ss a 
characteristic of purity Avhieh is lacking among most phosphal i(l('s. 
Yet, for all that, at the present time, tlu' gian'ral opiniotj is lhal it is 
a mixture of cercbrosidcs and sphyngomyttin. Its ahilily to crystal- 
lise is due to the fact that two crystal lisahh^ suhsta,n(‘('s (ad('r iido its 
composition. Thudichum, in(I(‘(‘(l, had already stak'd (but his opinion 
was not accepted) that protagon was a. niixtun', but it n('('d('d I’urther 
work, carried out ehielly by Thierlelder, Ros('nh('im and T(‘bb, to 
show that, by simply recrystallising it from alcohol or pyridiiu', tlu'U' 
could be separated out phosphorus-free substances corrc'sponding to 
Thudichum’s cercbrosidcs (the ccrebron of Thic'rh'ldt'r ; phn'iiosin and 
kerasin of Thudichum, Rosenheim and Tebb). 

1 t^hosphatides, the nature of which ia unknown, exist also in tlu* blood. 
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Protagon exhibits a curious phenomenon with which the notion 
that it is a homogeneous substance is not in very good accord. In 
8% solution in pyridine, at 30°, it is optically active, showing [a] = 

+ 6-8°. If the temperature be raised to 50°, the optical activity is 
lost. When the solution is cooled, it becomes turbid (separation of 
sphyngomyelin) and strongly l^evo-rotatory, until [a] = — 116°. 

Soon there is so much matter in suspension that observations cannot 
be made, but if one waits until the precipitate has settled, one finds 
that the hnvo-rotation has decreased to — 13*3°. When the mixture 
is warmed, so that the deposit is redissolved, the solution exhibits 
again the original dextro-rotation of + 6-8°. 

We may mention in addition leukopoliin, a pentamino-phosphatide 
discovered by Frankel, which, according to MacLean, is an impure 
carnithin,^ sahidin, etc. 

The literature on phosphatides has, we observe, been considerably 
enriched by Frankel, but he has given us nothing of permanent value. 

CLASSIFICATION OF THE PHOSPHATIDES 

Several classifications have been put forward, but only one fits in 
with our present knowledge. 

The pliosphatides may be divided into two groups : 

I. Those derived from glycerol— 

(a) K(‘phalin, almost insoluble in alcohol ; 

(/;) L(‘eithin ; and (c) Cuorin, easily soluble in alcohol, 
ir. Ti lose not deriv(‘d froin glyem’ol, but from some other alcohol, 
S])]iingomyelin, insoluble in alcohol. 

Lecithin. — Gobley, a French pharmacist, discovered lecithin in egg- 
yolk in 1<S1.(), and not only charactca'ised it, but carried out what was 
for thc‘ tim(‘ a wry nohnvorthy inv(‘stigation, in which he showc'd 
tliat it contained giycc'rophosphoric and fatty acids. He also recog- 
nised that nilrogen was [)r(‘S(‘nl, l)ut belii^ved it to be combined as 
ammonia. Li(d)n‘ieh, in 1<SG5, t hought that he had identified th(‘ 
nitrogenous coni])onent as ncurine, 

CHorCIt'N (*ir„ 


but it was ({(‘finitely })roved to be cholin(‘ by Diakonow and Strecker 
(ISG7-68). 

When dealing with sueli a sulistanee as l(‘cithin, not easily isolated 
in a pure condition, one must not confuse that which is really and 
that which is only possibly the desired product. In studying the 

^ -The caruithin that frequently accompanies phosphatides should not be confused 
with carnitine, a hydroxybutyro- betaine; nothing is known of carnithin, except that 
it contains 28-29% of nitrogen. 
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possible variations of the constitutional formula, for l(‘c*ithin wc do 
not necessarily expect that substance's corre'spondin^r to all of Uiem 
actually exist ; but if, l)y more rc'fiiu'd nudbods, succe^c'd in isolat- 
ing substances closely resembling lecithin and having tiu' same 
empirical formula, vc sliall know b('tt('r \vh(‘r(' w(‘ arc' if we have 
looked into the theoretical possibilitic's bc'forcdiand. As wc' have 
already said, it is not that we arc ill-acquainic'd with natural Ic'cithin, 
but with tlie various forms it may take'. 

Now lecithin is a, derivative of glycc'rophosphoric* acid, a. compound 
that had just been syntlu'siscd by Pc'lonzc' wlu'U Ic'c'il bin was isolatc'd 
for the first time by Gobley. This irdbrmation, howc'vc'r, doc's not 
take us far. Glyceropluxsphoric acid may be formulatc'd ('il hc'r as the 
a- or as the y5-(lerivative. 

ciiyOir ( iL-on 

I " i 

cTioii (did)P()(()n), 

ciiaOPcxoir), niyoii 

a (i 

The a-aeid possessc's an asymmc'lric* earl)on aloin and can I lierc'fcmt 
also exist in two optic'ally active' modi lical ions. Thus alrc'ady Ihc'rc' 
are four possible glyccrophosphoric acids, I wo opiically aclivc', I wo 
inactive. To thc'se should c'orrc'spond four h'C'ilhins, assuming that, 
in the lecithins there is only onc' kind of fal I y acid, radi(*al, oleic or 
palmitic, for example. Jlul if, as is c(‘rlainly llu' case, Ihc' h'cilbiti 
molecule contains two diffcrc'nt fully acid radicals, Hum I Ikuh' an* 
nine possihle isomerides, Lr., six (halved from 1 hc' <t- and Ihrc'c' from 
the /?-glyc(*roph<>sphorie acid : 

(IL, 0-01. (ILO-OL 

I ■ I “ 

CllOPO.Ila CllOI’.ilin. 

CJL-OPalai. ('II.y()P(),.II,, 

1 racemic', 2 aelixc'. 1 raccanic, 2 aclixa 
fS (I 

Then, considcalng lhal many ol hc'r fully acids Ix sidcs ohae and 
palmitic have been isolatc'cl IVom I he h'cilhin mixiun*, it is ('usily scaai 
that a huge' number of Ic'cithins may c'xisl. 

To which class does the' h'cilhin of which wc' know (he mosl, I hat 
from egg-yolk, belong ? The results of reec'id invc'sl igal ion will give 
us a more or less satisfactory a,nswer to the' cjuc'sl.ion. 

Willstcitter and Liidcckc, and hitc'r Lc'vcaic', showc'd t hat by hydro- 
lysing lecithin with cold barium hydroxide' solution, an o])tically 
active glyccrophosphoric acid, rotating the' plane' of polarisation to 
the left, could be isolated. The mixture called lecithin must thc'rc fore 


('II..-()-PaliiL 

I 

(ItOOL 

I 

rilyOPOdl, 

I I’acemic*, 2 act i \ c. 

(I 
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contain at least one derivative of a-glycerophosphoric acid. But even 
if the presence of the optically active acid, i.e., the a-acid, were thus 
demonstrated, that there might also he present derivatives of the /3- 
acid remained an open question. However, most investigators working 
with lecithin, and examining the salts of the glycerophosphoric acid 
derived from it, have been struck by the fact that the calcium salt 
obtained may be separated into at least two fractions, one of which 
is crystalline, anhydrous and sparingly soluble in cold water (Cousin 
and Fourneau), whilst the othcT is amorphous, liydrated, and readily 
soluble in water. Piettre and Fourneau, in a paper on the alcoholysis 
of lecithin, drew attc^ntion to the fact that two calcium salts, corre- 
sponding to two different acids, were obtained, and suggested that 
this supports the idea that there arc two lecithins, one derived from 
a-glycerophosphoric acid, the other from the /^-isomcride ; but at 
that time they Avere ignorant of thc^ })roperties of tlie two glycero- 
phosphorie acids (the two compounds having not yet been isolated) 
and so were unable to pro\'e tlu^ir [)()inl:. Quite recently, however, 
Bailly has carried out a, careful research on the glyceropliosphates, 
and has been successful, not only in preparing both the «- and the /3- 
glyceropliosphoric acids, but also, by means of a nuthod to be described 
later, in demonstrating that the two acids are both present in the 
products of the hydrolysis of lecithin. 

This conclusion is a matter of inter(‘st to pharmacists. For some 
years Mc'ssrs. Poulcmc havt' had on tlic market glycerophosphates as 
crystallised preparations and these ]H’ 0 (hicts have attracted a certain 
amount of attention, and have already been made tlie subject of 
sevc'ral investigal ions. Tluav is an increasing tcmhaicy to prescribe 
only cryslallin(‘ glyc(‘rophosj)!iat(‘S because' of their absolute* ])urity, 
anel the' epicstion of e'xcluding others from tlic pharmae‘e)])(eia is being 
(liscusse‘el in Frane(‘. As 1 he* j)rcs<'ne*(* of both the and the fj-lso- 
me*ri(le*s in (‘gg-lee-il hin has been ele-monslrate'd, it se'e'ins most rational 
to continiK* emj)loying tin* usual e*omnH*reial proehu't for })harma- 
ce'Utical purpe)ses, sine*e il contains the two isouK'rie ae*iels in just 
about the* same* re'lativi* j)roportions as elo(*s e*gg-yolk. 

Le*t us re*turn now to M. Bailly's nu*thoel of e*haract('rising the two 
ise)me*riele's. The* underlying j)rincipl(* is that of a colour reaction 
dise‘e)vere*d by M. De'uiges, the* skille*(l public analyst e)f Bordeaux. 
Deniges she) we'd t hat polyhydrie* ale'ohols e*ontainingan aeljaec'ut /i-ke'to 
gre)up, elihydre)xyace'tone* be'ing a ])artie*idar e'xamplt', form inte'iise'ly^ 
coloureel solutie)ns with e'e'rtain ])he'nols in presene-e* e)f sulphuric acid 
anel bromine' : thus, with guaiaced, the cole)ration is blue ; with 
saiie*ylie* aciel, reel ; with re'sorcine)!, blood-re'el. 

Now a-glyce'rophosphoric aciel can be ce)nverteel by oxidation into 
a derivative of elihyelroxyaeetone, viz., 

Cll2(011)CO*CH,OPO(OII)2, 

and so can be made to fulfil the conditions for producing characteristic 
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colorations with phenols. But the /3-acid, on the other hand, 
cannot yield a ketone and so cannot react in this way. 

Bailly’s reaction is carried out in practice as follows : To 10 c.e. of 
calcium glycerophosphate solution is added 0-25 c.e. of 2-5% bromine 
water. The mixture is left for twelve hours, then divided into 0-5 c.e. 
portions in test tubes. For the colour test is to he added cither 
(1) 0-10 c.e. of a 5% solution of resorcinol, followed by 2 c.e. concen- 
trated sulphuric acid ; a fine cherry-red colour should appear in a 
short time, or if the liquid be warmed ; or (2) ()■]() c.e. of a 4 % 
potassium bromide solution, O'lO c.c. ol a 5% alcoholic sohilioii ot 
salicylic acid, and finally 2 c.e. concentrated sulphuric acid. A very 
intense violet-red colour develops when the mix! tire is Witrmed in 
a water-bath. With (S) guaiiieol, under the same eondilioiis, the 
coloration is a most intense blue. 


May it be said that the quc.stion of tlie initure of tlie glyeero])hos- 
phoric acids of lecithin is almost settled By no mciius, heciuise the 
only lecithin glyecrophosphorie acid investigiited up to (he present 
has been that derived from that ke 2 )halin-leeithin niixtnre which 
constitutes the lecithin of egg-yolk. 

Let us now turn our attention to the basic jiortitm of Ihe leeitliin 
complex. 

Choline is a quaternary base derived froiti tin jilcoliol, being P<- 
methylAiydrQLvyeihyl-amvwnmm-h.ydro!cide, 


Cir.,\ /CIL-CIL-OII 


cir,j N 
CIl 


Xoii. 


It is ^^ciierally ac1iuitl(‘(l, nowadays, iliaf IIk' clioliiK' in li'cilhin is 
combined with the ^•ly(*(‘roj)hosj)horie acid by ils alcoholic h\'droxyl, 
the compound thus licino- an (‘sba* ; }>ul Ihcn^ ari' si ill I hos(‘ who say 
that the combination is siinjdy a. saU-lbmial ion. Sc\'(a’al taels, hoAv- 
cver, indicate that the first explanation is corn'd. I'hus, in lh(‘ iirst 
place, salts of the alkaline ('arths, I host' ot ealeiiiin in parlieular, 
give with lecithin precipitate's which conlain all IIk' h'f'ilhin 
and all its original eholined It llu' ('holini' W(‘r<' pr<'S(‘nt in sall-likc' 
combination, one would (‘xp(‘et doubh' (h'composil ion lo lak(' place 
with the calcium salt, precipitating (‘aleium ol{'o-sl('ar()-gly(t(‘rophos'- 
phate, which would certainly be insoluble', and h'aving th(' choline in 
solution. 


^ It seems now to be definitely proved that looithin is a ttioline (h'.rivaltvo. Certainly 
associated with lecithin there are phosjfiiatides which only dificr from it in the nature 
of the aminoaleohol radical — this may be aininoethyl alcohol itwitf or its mono- or di- 
methyl derivatives. But ojie oiiglit Jiot to call these substaiKieH lecithins ; it is much 
better to reserve the name lecithin for esters of choline. 
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Secondly, ferric and ferrous chlorides, platinic chloride, and cad- 
mium chloride^ form double salts with lecithin. 

Lastly, in the experiments with snake-venom, to be described later, 
lecithin was found to be converted into a white substance, soluble in 
warm water ; this is lysocithin, it contains all the choline originally 
present in the lecithin but only one fatty acid, oleic acid having been 
liberated by the action of the enzyme in the venom. Now, if free 
oleic acid and choline combined as a salt were present in a solution, 
the choline would certainly distribute itself between the oleic acid and 
the glycerophosphoric acid and not remain in its original state of 
combination. 

The bcluiviour of lecithin towards colouring matters should yield 
valuable evidenee as to the ester-like combination of the choline. 
Unfortunately, it is a diflieult matter to carry out such an investi- 
gation, and doubtless only hydrogenated lecithins — ^these derivatives 
being easily obtained in a colourless crystalline condition — could be 
used in the undertaking. Above all things, it must not be forgotten 
how easily and quieldy Iccitliin is hydrolysed. 

It only remains now to discuss the fatty acids of lecithin. This 
means discussing two questions, namely, the nature of the fatty acids 
and their position in tlie molecule. 

From k'cithin there have been isolated palmitic acid, stearic acid, 
ol(‘ie acid (uiisatiirated, oae double bond), linolic aeid (two double 
bonds) and linoh'nic aeid (three double bonds). Let us consider, 
however, a, lecithin containing only the palmitic and oleic radicals, 
therc‘ eertainly being such a compound. If, now, analysis shows that 
oidy these two acids ar(‘ ])r(‘s('nt, may one state definitely that they are 
deriv(‘d from a, single* lec'ithin, i.e., is lecithin always a mixed ester, 
the* molecule* of which contains two diffeTcnt fatty acid radicals ? 
And, if tl)(*se are* diflere'nl , is e)ne‘ always unsaturated, as has been 
stale*el to l)e* the* e*ase* by ]\Iae*Le*an, Uolle*(", and others? Or, alte*r- 
native*ly, is the* mix! me* lhai we* isedate* as lecithin eom|)osed of a 
di-])alnhlic le*eithin and a, di-oleic le‘e*ithin, that is, of two honio- 
ge‘ne'e)usly de‘rive*d le'cithins take*n up side by side l)y solve'uts ? 

Tlie genK*ral epu'stion lu*r(^ is of great impendance in reflation to the 
e^rigin e)f l(*eithin. We believe tliat it can be fully answercel by sub- 
mitting l(*eithin te) tlie action of snake ve*ne)m (Delezenne and Lcelebt). 
Thus, by this nu'ans a crystalline substance, teTm(*d by Delezenne and 
Fe)nrne*au lysocithin, was obtained from egg-yolk, and was found to 
Ik* le e'il hin elc'prived of one of its fatty aeid radicals ; it, therefore, eein- 
taiiU'el onl y one* instc'ad of two. Now, tlu* fatty acid radical remaining 
in the lysocithin is always saturate*d. It is mostly that of palmitic 
aeid, nev(‘r of ol(*ie. The oleic aeid, or, strictly spealdng, all the 

^ It haw l)ocn shown by Levene, in opposition to what was generally believed, that 
cadmium chloride does not break up the lecithin ; it simply precipitates it, and the 
precipitate contains nearly all the choline. This could hardly happen if the compound 
were a choline salt. 
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mixture of unsatiirated acids, can be found in the motlun* liquors 
from which the lysocithin has been separiited. 

If the egg-yolk contained lecithins derived botli from saturated 
acids (di-palmitie or stcaropalmitic) and from unsidurat(‘d acids 
(di-oleic), then, when tlie action of the venom was eom})l(te, the mix- 
ture should contain oleic lysocithin or imattacked diq)almitic 
lecithin, but actually not a truce (»f any Ic'citliin is pn'seart, and tlie 
lysocithin is always a saturated compound (or, at k'ast, il’ an ohae ester 
be present, it is in very small amount). With (‘gg-yolk ibis is alwa^^s 
the case, but a precise statement cannot be mad(‘ for other h^eithins, as 
our knowledge is too scanty. Other argmiunts may b(‘ (luotc^d. The 
properties of the lecithin derived solely iVom satnratc'd fatly acids 
(palmito-stearie) are now web known, as the' compound may b(‘ ob- 
tained by reducing lecithin. This, a, sa turat(‘d h'dthin (hydrol(‘cithin) 
crystallises well, is sparingly soluble^ in alcohol, is not hygrose()i)ie, is 
colourless and quite stable, and so, if it wc‘rc‘ pre^sent in (‘gg’-yolk, it 
should be easily isolated. 

Egg-yolk lecithin, therefore, is a mixed estea- containing l)olh an 
unsaturated radical (chiefly that of oh'ic acid) and a salnralc'd radical 
(perhaps exclusively that of palmitic acid). As if appears t hat neulral 
fats are usually chemically homogenous,^ ( hat is lo say, l lu' individual 
glycerol esters ])resent in the mixlure an* (krixaal sol(‘!y from sal nrab'd 
acids (tri-stearin, tri-])ahnitin) or from unsaliiraied acids (I ibohni), 
lecithin can hardly he (icTivial from I hat soure(‘,‘'^ iml('ss flu' fals 
undergo a profound ehang(‘. 

The positions taken up by the two 1‘alty acid radicals in lh(‘ 
lecithin mok'cukt are still undctf'rmiiu'd. Of conrs(\ in dcrix al i\'( s 
of ^-gly('(‘ro])hosj)hori(‘ acid, it does not mallc'r how Ike radicals 
arrange thems('lv(‘s, as both flu' I'na' h\'(h’oxyl groups are primaiy; 
but for th(' leeilhins (krived IVom «-gl yceropliosphorie acid (‘\i- 
dence is, at present, la(*king, and so w<' do not kllo^^' how I he I wo 
acid groups are locab'd nor wlKtlu'r IIk'V always lak(‘ up lh(' sanu' 
position. 

From the results d(‘scrib(‘d above*, an exIn'UK'ly imporlaiil con- 
clusion is to be drawn, viz., iliat nnd(*r ee'rlain eondilions (see lab'r 
under Lysocithin) a hydrolytic ageni eoni aim'd in snake* ve'iiom, a, 
lecilhlnasc, in short, has the* c'xl raordinary propeiiy of Ix ing able* lo 
split oil: from k‘(*ithin om*, and onlyom*, aeid radical, I his Ix'ing al ways 
tliat ot the* iinsal urab'd acid. We* caimol carry onl by any j)ur('ly 
ehemi(*al nu'thod at ])r(*s(‘nt known such a delieah', eompleU*, and 
specific hydrolysis, cv(*n on common ials,'^ and so far allempls in I his 
direction have not given encouraging n'sults. In our opinion it will 

^ A mixed fat has been foiuul in butter. 

No serious research has been luxlcrtakoii with tihe object, of l.ra.ciiit>j a I’CilatiouHhip 
between the lecithin and the fat in a part i(mt'ir orirnm 

^ Quite recently, it has been found possible to .sj)lit oil, on,(' af ter the otluu', the tliree 
acid radicals in a fat, by a regulated alcoholysis. 
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be most difficult to avoid displacing the choline radical in the first 
stage of hydrolysis or alcoholysis. 


The general properties of lecithin are well known, as the substance 
has been employed in therapeutics for about twenty years. Its 
introduction into pharmacy resulted from the work of Billon, Dcsorez, 
and others. Lecithin is a white substance when pure and freshly 
isolated. It may be obtained in a dry, frialfic condition, but is very 
hygroscopic and unstable. Lecithin dissolves in almost any solvent 
but acetone ; with water a quite stable opalescent mixture is formed, 
having a powerful emulsifying action on fats and oils. 

The substance is auto-oxidisable ; its iodine number falls rapidly 
when it is exposed to air as a result of the addition of oxygen at the 
double bonds. This property of auto-oxidation, due perhaps to the 
presence of traces of metallic catalysts (iron), is one of the most 
remarkable characteristics of lecithin. Possibly before it forms an 
integral part of the k'cithin molecule tlic oxygen exists, for a time, 
loosely combined in a very active form, the combination sharing, more 
or less, in the work of transporting ox3rgen within the organism. 
Willstatter's experiments on the fixation of oxygen by pliosphorised 
oil make this a, plausibk‘ hypothesis. Furthermore, it should be 
noted that this readiness to uiukTgo oxidation makes lecithin a 
powerful reducing agent. 

Lecithin rapidly undca'gcK's ak‘<)hol\^sis with an alcoholic solution 
of hydrogen chloride, even if this be very dilut(‘. TIk' reaction 
can be used to dcdcTmine quantitatively tlic composition of the 
substance. 

The numerous addition-compounds formed by lecitliin |)rovide us 
with some interesting observations. \V(! may note, lor exampk*, that 
only a part of the haathin is nanov(‘d by extracting (\gg-\mlk with 
ether, the r(anain(l(‘r Ix'ing firmly lukl hy tlu* albumin present. In 
this connection Erlandscm cc'rtainly b(‘li(;V(‘d hims(‘lf justified in staling 
that it was not a, (piestion of an addilix (‘ com])ound of phosphaii(k‘ and 
albumin, but that tlu* lecithin ndaiiual was of a different eom})()sition 
from that dissolvtal by the (‘tluu*. JIoW(^ver, j)r(‘liminary treatment 
with alcohol is known to set all tlu' Iccathin fns', it all iKcomes solul)le 
in etlu'r, so Erlandseirs hypothesis is hardlv in agreement with the 
facts. It must, tlu'reforc*, be grantcal that lecithin and albumin emter 
into more or less stable combination — have, at least, an alfinit}'' for 
one another — and very probably such additive compounds play an 
important part in making homogeneous such a mixture of neutral 
fats, albumins, salts and lecithin as exists in serum. Additive com- 
pounds like these under discussion have been obtained syntheticall}^ 
by^Mayer. 

Lecithin forms complex combinations not onl^" with albumin but 
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also with salts, 1 with glucose, and most likely with cholesterol. Evei 
if these are not true compounds they are, at any rate, quite stabl 
adsorption products. 

The function of lecithin in the disscnnination and efh'ctive action o 
certain drugs, particularly the liypnoties, is still ol)seur(‘, but it 
importance is not to be doubted, as th(‘ (‘k'gant ext>crini(mts o 
Overton and Meyer indicate. These investigators state that one o 
the chief functions of the lipoids, and particula rly of th(‘ phospliatides 
is to control the osmotic action of veg(tal)l(‘ and animal eellula 
membranes. Thus, tins is liow Overton lums(tr puts th(‘ matter 
“The brain lipoids, which are composed almost ('X(*lusi\a‘ly of phos 
phatides, form an integral part of the* protoplasm of all V('g(t,ah](‘ aru 
animal cells, and, for the life of the cell, are second in importance onl^ 
to the proteins. Quite proba])ly, as far as tlu^ physical stat(‘ of th( 
protoplasm is concerned, they arc even mort‘ important than tin 
latter. Modifications of a physical nature', which tlu' lipoids uiuU'rgc 
as a result of absorbing foreign substance's (ne) nialte'r how sue*h moeli 
fications influence vital phcne)mena,), ])re)viele' a, e*ommon starting 
point from which the principal actie)n e)f more' lhan half the organic 
substances in question begins.’' 

Lastly, there is a point to be ])articulaiiy insisle'd on, name'ly, the 
huge number of phosphatide's that may ])ossil)ly e'xisl. \Vh' have 
alread}^ pointed out that lecithin ilse'lf may have' ve'ry many isonu'rie 
forms, even if it contains only two eliffe'n'nl I'ally aciel radicals. And 
when one knows how extraordinarily spe'e'ilie* Icrna'iilal i\’(' acl ions are', 
or in general, howspe'cific all biologie'al be'havionr is, it se'e'ms (‘v ideail 
that every isomeric or homologous form (if, of course, lh('y acluallv 
exist), may have its partie'ular allinily for sucli subs! mice's as comhiiK 
witli tlic phosphatiele's or, in I’ae't, for any agi'iit (hal can modil’y I liaii 
structure. We have* already se'cn how snaki* \'('nom can acl, and il i,v 
possible' that othi'i* e'n'/ymes, produe*('d by micro-organisms oi* ('\'(‘n 
formed normally in the' e*cl!, may dislui'b I he' phosphal idi's and so 
bring about ])roroimd disorders in lh<' organism.^ 

Le'cilhin may be* re'ganh'd as a soap-like eonipound, yi<'lding, willi 
salts (MCI), sue'h e'ompounds as : 

Am Cl 

KO-F()<( I 

N)-(1ly(’IIyN : ((dl,).,. 

Actually it is lU'arly always found loe*onlain i raei's of eah'ium and the' 
alkali metals. In kephalin t iu'se' e'leme'iils si'i'in to oee'ur in a constant 
proportion. It should ne)t be* forge)! ten tliat l('('i(hin has a high 
moleculai' weight ; it is e'asy to fall into lh<' mistake' of thinking that 

^ Kveti ill lH4() (Johkw not(‘<l that, locitliiii clings lo calciiun phospliati' a.iiel tliought 
that in ttiis way it. iiclped in tin* int.r'oelind ion and transportation of phosphate's in the' 
aniirial be)dy. 

“ Lysocil hin is a pe)isoii. Ane)l lior e'sle'r e)f c.holine', ace'tylcheiline', reau'iit ly discovered 
in c^rgot, is much more toxic than <'he)liiie itself. 
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a metallic component is an impurity, when it may actually be an 
intc\i,a’al part of the substance. Thus, 1,600 gm. lecithin needs theo- 
retically only 24 gm. magnesium to saturate it ; so in an egg contain- 
ing about 0-8 to 1-0 gm. lecithin, only 0*01 to 0*015 gm. magnesium 
would be needed to produce the salt. Similarly for calcium, the 
presence of 0*02 to 0*03 gm. would be necessary, and just that amount 
is actually found in egg-yolk. So there is nothing against the notion 
that the phosphatides ma}^ actually be agents in the transport of 
metallic elements, particularly the more important ones, such as 
calcium and iron. And it should be noted that small amounts of a 
metallic element may entirely alter the properties of the phosphatides ; 
for example, the combination formed by leeitlun with an iron salt is 
quite insoluble in alcohol. 

Phosphatides aj)pear to have a great inlluence on the solubility of 
certain substances in the iliiids of tlie organism. This effect, chielly 
as far as tlie solubility of I'atty acids in the bile is concerned, has been 
investigated by Parker*. A 5% solution of bile salts containing 7% 
more Iccitliin than is normally present will take up oleic acid to 
the extent of lour }>arts to 100 of solution ; jnire water dissolves 
only 0*1% and a ))ile salt solution without added lecithin only 0-5%. 
In the same vriy sodium olcate forms a 5% solution in w'att'r, 7*00“;, 
in bile salt solution without Ic'cithiig ll-aO'X, with krithin. 

Preparation of fn’eithln. A'arious nudhocls of isolating lecithin luive 
been recommended (the simpk'st is (k'seribe'd later* in the [)ractical 
section of tin* bt)ok, togcdlar witli a. (klailed d(‘scri[)tion of the method 
of alcoholysis). The* jmxluct obtained by all these nudhods is a 
mixture' (*ontaining lo'phalin. To obtain a, tolerably pure product, 
L(*vene works u[) I lu' ('gg-yolk (‘Xtract that has sc'rved i’or pnr'ipitating 
k'C'ithin. Tlu' ])roc(‘dur<‘ is as follows : 

The c'ggs are ('xiractc'd with alcohol, the* ('Xtract (*onc(‘nt rail'd by 
evaporation and thi' residue tri'ati'd with aci'toni'. liu' pri'cipitati* 
obtained consists of k'cithin containing a (‘onsidera bh* proportion of 
kej)halin. Cbnvi'rsely, tlu* aci'toiu' solution (*ontains mainly k'cithin, 
and this is pri'cipitated with cadmium chloride. The com[)()und 
obtained is])uri(i('d by ri'crystailisal ion from a mixt ure of alcohol and 
ethyl acc'tatc' and tlii'ii yii'lds pure k'(*ithin avIk'U (l('eom[)osed. 

In identifying ])h()s])liati(k‘s, Li'veiu' ti'iids mori* and more to use 
the method of reduction with hydrogi'U and })alladium. The hydro- 
genisc'd phos])hati(k*s obtami'd arc* unaifc(*t(‘d by the* an, e*i\stallise 
readily, and are sparingly soluble in cold solvTuts. They are stated 
to be obtained in a, condition of almost absolute purity, so lurther 
invc'stigation is consideraldy facilitated. 

MacLean obtains satisfac'tory results by repeatedly precipitating 
an aqueous emulsion ol“ crude lecithin by acetone and then redis- 
solving it in and reprccipitating it from absolute ether. 

Kephalin.— Kephalin always accompanies lecithin, but sometimes. 
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as in the phosphatides of the brain, it predominates. In the case o 
egg-yolk, whicli contains only a small proportion, kc'phalin may b< 
separated from lecithin by treatment with cadmium chloride. Th( 
compound with this reagent is produced by pr(‘C‘ipitation in an alcoho 
solution, then reciystalliscd from a, mixture of 80 % alcohol and cthy 
acetate. Under these conditions the kephalin remains in the solution 

However, kephalin is best prepared from the brain. Fr(\sh braii 
(preferably dried) is crushed up with accdoncs thcai extracted witl 
petroleum ether. The solution obtained is (‘onecaitratcnl at a, lov 
temperature and eventually coohal to — 20'’ to throw out most of tin 
cerebrosides. The clear liquor . is dceant(‘d off and alcohol acltlec 
to j^recipitate the kephalin. The crud(‘ k(‘phalin thus obtained! ii 
dissolved in ether, precipitated by acctoiu^, again dissohaal in ether am 
again precipitated, the process being r('])(‘at(‘d s(‘V(‘ral linu's. Finall) 
the ether solution is treated with absolute al(H)liol. K<'phalin separatee 
in this way contains salts (potassium, calcium), from wliieh it is (Veec 
by washing with very dilute hydrochloric* acid, and in ordca* to purif} 
it completely, the lead compound, produ(‘(‘d by In'ating a solution ol 
the kephalin in amyl alcohol with lc*ad a(!(*tate, is prc'pan^d and thei 
decomposed. 

Kephalin closely resembles lecithin in i ts j)ro{>(*rti(‘s, bid \vh(*n nearb 
pure and very dry is almost insoluble in eth(*r or alcohol. 

It was thought that ke])halin and lecithin diff(‘n‘d only in that, oiu 
was a derivative of a.mino(*thyl a lcohol, Avhilst tlu* otlu'r was a (h-riva 
tive of choline, but, according to Lc'vc'iu^, analy(i(*al hgures show thal 
the difference is more ])rofound, I la* ral l y acid radicals in tin* tw( 
compounds being probably not ihe same'. The p(‘r(‘('nl age of oxygen 
does not agree with the earli(*r supposil ion. And, all hough it is highly 
probable that the ])as(‘ is aminoe'l hyl al(‘ohol, if il could Ix' isolabal ii 
substance and a charac*t(*risl ie dc'rivalive* (un'lhanc, acyl eouipound 
etc.) prepared, the con(‘lusion would lx* souudci'. \\V oughl lo poini 
out, moreover, that k(‘])halin should diffe*!* from h'citiuu in ils eluauica 
properties, or at least, in oiu* of llxau : amiiKX'lhyl alcohol, hydroxy 
ethylamine, is a much we^aker base* than e'lioline*, and so, jiidgiug Iron 
general experience of the* salts of acyl ele'ri\'al i ves of amiuoale‘ohols 
we should expext, kephalin to be acid lo lilinus. 

Sphingomyelin. — All organs that contain le*eil hin a;ud ke'phahn a,lse 
contain sphingomyelin. Idke* k(‘phalin, it is i)arl ie*idarly abundanl ii 
nerve tissue*, but egg-yolk also eoidains a, small proporl ion. It is ve*r} 
sparingly solulde in most solvc‘tds, so is e*asily oblaine'd in a. pure 
condition from organs that have* be'e'u alre^aely Iresale'd wilh ale*oho 
and ethe*r to extract the othe*r ])hosphal iele's. As it will dissolve 
in hot pyridine, it is best isolate'd by laking advantage* of thif 
property (Rosenheim and Tebb). 

The organs, previously trcfitcd with a.e*e‘tone‘, ale*ohol and ('lhe*r, are 
accordingly extracted with hot pyridine. When the so]uiie)n e-ools tt 
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room temperature a precipitate settles out. Tllis impure sphingo- 
myelin is then purified by (i) dissolving it in hot glacial acetic acid, 
the impurities being thrown down from the cold solution ; (ii) to 
the filtered solution adding acetone, the partly purified sphingomyelin 
being precipitated ; and (iii) dissolving the material in a mixture of 
alcohol and petroleum ether, filtering, and reprecipitating by adding 
an excess of alcohol. 

Sphingomyelin is a white substance, non-hygroscopic, and un- 
affected by exposure to light. It is insoluble in alcohol and forms 
with water a kind of starchy paste. It is optically active, being 
hevorotatory. 

Hydrolysed, sphingomyelin yields phosphoric acid, a C24 saturated 
fatty acid, namely, lignoccric acid, and two bases, choline and sphingo- 
sine. Sphingosine is a dihydric alcohol and is also unsaturated (one 
double bond) ; it has the formula : 

CIl3-(CH2)n CH : CH CH(OII) CH(OH)*CH2 NH2, 
and presumably is combined with the phosphoric acid by one hydroxy 
group, the other remaining free, whilst one of the remaining liydrogens 
of the phosphoric acid is replaced by tlie choline radical. The 
lignoceric acid (C24H48O2) forms with the amino group in the sphingo- 
sinc an amide. Sphingomyelin should, therefore, ha\’(‘ the structure 
here shown (Levcaie) : 

^()Ci7ir,.,(oii)Niic’0(\,3ir47 

POOH 

Xo-C’sHi^N. 

At oiKi tim(‘ it was su])[)os(‘(l that the sphingomythn com[)lex 
eontairu'd an alcohol ‘ |)Iayiiig much llic saiiK' pai't as an 

intcaaiK'diary hclwccn clioliiu* andth(‘ tatty a('i(ls as glyct'roi plays 
in lecithin, but, as is s(‘en, Levene’s formula halves sphingol out of 
ac(*ount. 

All thc‘ sauK^ it should be j'loinlial out. that Ixx'eiu/'s formula is not 
in good agrc'cnuait with the laid, that sjihingomyiain is as readily 
hydrolysi'd by aeids as by basiss, and amides arc usually more or less 
resistent to aiad hydrolysis. 


LYSOCITHIN 

This name was givaai (l)elcz(‘niu‘ and Foiinuaiu) to a i)hosphatide 
(hu’ivt'd from kaathin liy trcaitnunt with snakc‘ venom, partial hydro- 
lysis bc'ing brought about liy an c‘nzyme-lik(‘ agent (Delczennc and 
S. Lcd(t)t). Kyc's’s cobra-lccithide, considered by its discoverer and 
the Ehrlicti school to be a new compound formed between lecithin and 

^ Noto that .spliingotnyeliti contains a cai’bon chain of 17 atoms. If the formula 
given is truly that of .sphiiigomyeHn, this should be derived from a amino acid 
(dihydroxy-olcic acid) by loss of COg. It is not impossible that amino acids of very high 
molecular weight should be discovered some day or another in the organism. Perhaps 
they have never been looked for. 
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some unknown principle in the venom, is actually a mixture of lyso 
cithin, unconverted lecithin and venom. Its existence, therefore 
as a chemical entity, already shown to be doubtful from the start b^ 
the results published by other authors (Liidecke, Dun^rern and Coca) 
it being suggested, but not actually demonstrated, that the venon 
was acting as a ferment, is a hypothesis that must now be definitel} 
rejected. Not only so, but lysocithin is a welbdcdined compounc 
which can be crystallised and obtained in a highly purified condition 
It is a relatively simple phosphatide, and W(‘ think it will be useful tc 
describe the method of preparing it and to (‘numerate its principal 
characteristics, not only because of tlie new evidence its to the 
constitution of lecithin that it has yicdch'd, as has alrc^ady becai men- 
tioned, but also because of its very rcmarka,bl(‘ physiological! pro])(Tties. 

The physiological properties of lysocithin cannot Iktc })(‘ c'onsidc'red 
at length, but nevertheless attx'ntion should h(‘ din'ctc'd again to tlic 
fact that it poss(\sses a powerful cytolytic action, and that 1o this 
should be referred the lucmolytic aedion (‘xhi})ited by small dosc's ot 
venom when added to blood scrum or ovok^cithin. In fact, as Dc'le- 
5 :ennc and Ledebt have shoAvni, the venom simj)ly carries a A'rnu'ut 
which, provided the time is long enough, can, (‘Ven in minut(‘ dos(‘s, 
convert all the lecithin pr(‘sent into lyso(*if him 

Lysocithin is prepaivd in the following way : To an (‘inulsion of two 
egg-yolks and enough physiological saliiu^ solid ion to mak(‘ up a 
volume of 100 c.c., one milligram of cobra, vanom is addial. Idie 
mixture is set in the oven at 5()'M<)r t welve hours, I Ian ('vaporat('d to 
dryness in vacuo. The resulting powdea* is ruhlxal Uj) with actdoiu^ 
(cold), dried, and extracted with absolul(‘ alcohol. To I la* coneiad rail'd 
extract idluT is adckal, whcreujion a. voluminous pn'cipil ah' is thrown 
down. This is s(‘parat(‘d with thc' ciad ritugi' and washi'd with ('llu'r, 
the white powdc'r so obtained being thi'ii rc'crysl allisi'd si'X'ei'al linu's 
from absolute akiohol. Tlu' product is now dissolvi'd in boiling 
cliloroform ; on cooling, a, mass of crystals si'pa rali's ; I hi'y an' ri'inov c'd, 
dissolved in a little absolute alcohol and |K'I roli'Uin I'l hi'i* addl'd lo the 
warm solution until it becomes opalcsei'id,. In a momcid. or so, 
needle-like crystals appear and soon Ihcj lysocithin sc|)aratcs as a 
shower of brilliant scakss. 

Prepared in this way, lysocithin is soluble in Icjiiil wati'r or in hot 
alcohol. It is sparingly solulilc in chloroform, almost insoluble in 
benzene, cpiite insolubk' in (dher. It is neutral lo litmus. In neutral 
s(3lution no prceipitati' is formed with ('it her gold or barium chloridi's, 
nor with lead acetate. Tlu' substanci' also doi's not give t he Plon'iiee 
reaction. 

Ultimate analysis and thc nature of t lu' d('(*om])osil ion jiroducls 
(alcoholysis) slmw crystalline lysocithin to Ik' (dioline palmito- 
glycerophosphatc (ester). 

Besides its powerful hcTmolytic action, lysocithin also possesses a 
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well-marked affinity for cholesterol. It has been shown (Sachs and 
Preston Kyes) that an emulsified aqueous mixture of cobra venom and 
cholesterol has no haemolytic power. Actually, cholesterol has no 
action on the venom (Delezenne and Ledebt),but only on the lysocithin 
formed ; the haemolysin is neutralised by the cholesterol, and the 
mixture of these two substances, in definite proportions, has no 
hscmolytic action. In fact, if a molecular proportion of lysocithin be 
dissolved in alcohol and two molecular proportions of cholesterol in 
chloroform, and tlie two solutions be mixed and evaporated to dryness, 
a mass is obtained which forms an unstable emulsion with water from 
which cholesterol in a finely divided form separates. If the emulsion 
be extracted with ether, exactly one molecular proportion of chole- 
sterol is removed, the other remaining combined with the lysocithin. 
The resulting mixture forms a stable emulsion having no haimolytic 
power. It retains watca- in a surprising way and separation of the 
latter is extremely difficult. If alcohol ])e added to the emulsion, 
treatment with ether will now rcanove all the cholesterol. One 
cannot help comparing these phenomena with tliose observed when, 
to isolate lecithin, organs nre ('xtraeted with ether either with or with- 
out preliminary treatment with alcohol. 

Conclusion. — Our j)r(‘S(ait knowledge^ of kephalin, lysocithin and 
sphingomyelin enal)l('s us to smn u[) in this way : 

(1) What has hitluado l>een isolahal under the name of lecithin 
appears to be a mixture of true lecithin, keplialin, and, perhaps, other 
phosphatides of unknown (‘omposil ion ; 

(2) Ev(‘rylhing suggests that th(T(‘ are at ksist two mono-amino- 
])hos})hatid(‘s, IIk‘ first, viz., eholiiu^ oh'o-palinito-giyecTophosphate, 
being true lecUlihi ([)()ssil)ly this l(‘cithin is deri veal solely from glyeero- 
])liosphorie acid), whilsl I lu' s(‘(‘ond, ke'phalin, is, in a way, analogous to 
h'cithin, but difh'rs IVom it by having aniino-edhyl alcohol in place of 
choline, and j)robably also by being dea-ived from a j)arlieular fatty 
acid ; 

(;j) Sphingomyelin, it seems, is w(‘ll eharaeti'rised and \'ery little* 
more* work should be n(‘('d(‘el d(‘linile‘ly te) t'stablish its ee)nstitutie)n. 

The* synthesis of lecithin has y<*t to be* earric'd e)ut. The great, 
almost unsurmountnblc*, elilfieulty lie's in the este'rilication of choline by 
distearoglycero})hosphorie acid. Hundc'shagen state's that he has 
prepared the acid in question, but his re'sults have not been confirmed. 
Further progress lias not b(*en rc'alised ; Griin and Kadc s attempts 
also gave unsatisfactory results. Maybe it will lie bettew to prepare 
first tlie glycerophosphoric ester of choline, as Langlield has done, and 
then try to c*ombine this with the ap})ropriatc fatty acid radicals. 
But we tliink that the same obstacles will have to be overcome ; to 
begin with, the esterification of glycerophosphoric acid is a difficult 
process which has not yet been carried out, and even the conversion 
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of lysocithin to lecithin, apparently so simple a matter, has not been 
realised. Yet that these difficulties will be surmounted is not to be 
doubted, but perhaps the result obtained will come as an unpleasant 
surprise ; the artificial lecithin may have nothing in common with 
the natural product ; and again we shall have to revise our ideas of 
tlie nature of this curious substance. 



CHAPTER XII 
NUCLEIC ACIDS 


Thue nucleic acids arc complex esters in which phosphoric acid is 
combined with carbohydrates and purine or pyrimidine bases. They 
are of two kinds, namely, plant nucleic acids, in which the carbo- 
hydrate is a pentose, d-ribose, and animal nucleic acids, whieli 
probably contain a hcxose. In the organism the nucleic acids are 
combined with proteins to form nucleins. 

Historical. — In 1868 Friedrich Miescher subjected pus to a chemical 
examination and introduced the term Nuclein. Iloppe-Seyler 
(1871) then prepared a nuclein from yeast and shortly afterwards 
Miescher separated from the spermatic Iluid {LacJmnilch) of the salmon 
the pliosphorus-containing portion of the protamine. Piccard (1874) 
proved that, from this substance, purine l)ases, viz., guanine and 
hypoxanthine, could be obtained. Kosscl (1801) demonstrated th(‘ 
diffcaxncc betwc'cn true nucleins and pseudo-nucleins, tlie phospliorus- 
containing part of tiic^ latter substances yielding no purine or pyrimi- 
dine bases ; he also established tlie rcvlationship between tlu'se con- 
stituents of the cell-nucleus and the urie acid of the urine. Altmann 
(1889) succeeded in separating the nucleic acid and the protein from 
beer yeast, whilst Kossc'l and Ncaimann (1894) worked out a practical 
nathod for removing tlu^ protean and isolated tliynuis nucleic acid. 

llainmarsU'n (1891) obtained a nucle^oprotein from tlu* panercais 
and provc'd that its mohaaile was built uj) from a peaitose* and guanine*. 
Neumann (1896 07) isolate'd thymic* acid, Avhieh is j‘ornu‘d IVoni 
thymus niu'le'ic* acid by loss of the* j)urin(‘ bases. From 1900 to 1912, 
Lev(‘n(' and his collaborators (*arri(‘(l out a sc-ric's of admirable invc'sti- 
gations and sucec'c'ch'd in (*stablishing the* constitution of yeast 
nuc'k'ic acid, so that at the ])resc*nt lime* only a. fcNV small qu(‘stions of 
dc'tail rc'inain to be; c‘k‘arc‘d up. 

Stcudel turnc'd his attention to guanylie acid ; ilammarstcii and 
Jonc‘S invc'stigated the action of enzynu's on nucleic acid (1907-14); 
and the ])hysiok)gieal action of its products of hydrolysis was 
siudic'd by Thaindiauser mid Dorfmiilk'r (1914-17). 

THE DIFFERENT KINDS OF NUCLEIC ACID AND THEIR 

PROPERTIES 

I. Simple Types or Nucleotides 

The sim})lest type of nucleic acid contains a pentose group. The 
first example to be isolated was guanylie acid,^ (IIO)o*OPO'C5H80..j* 
C5II4N5O, which, hydrolysed, yields guanine. 

^ Also known as guanosin-phosphoric acid. — Tr. 
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It is obtained by boiling pancreas with watc^r ; tlic soluble nuelco- 
protein is taken up and may be precipitated by adding acetic acid, 
but by the action of dilute caustic potash the protcmi is sc‘paTated and 
acetic acid then only precipitates guanylic acid. VVitli h'ad acetate 
it forms a precipitate and also yields a crystalline bnunie salt. 

Inosinic Acid was isolated by Haiser and Wca’i/x'l iVom a,u extract 
of muscle. It was precipitated as a lead salt by Jc^ad a(*(dat(‘ and puri- 
fied through the barium salt. It differs from guanylic acid only in 
having liy^poocanihine in place of guanine. 

TJridinic Acid (Thannhauser and Dorfiniiller) was pj’(‘pared by 
ammoniacal hydrolysis of yeast nucleic a,cid followcxl by iVactional 
xcrystallisation of the brucine salts of th(‘ niixlun* ohlaiiusl. The 
base of this nucleotide is a pyrimidine d(‘rivaliv(\ uracil. 

Cytidinic Acid (Levene, 1918) was also obtained by a,nunouiacal 
hydrolysis of yeast nuekac acid via 11k‘ hrueiiu' salt. Tlu' l)as(‘ h(‘r(‘ is 
cytosine. 

Adenosinic Acid, likewise obtained from tlu^ same sonrea^ by Linaaie 
in 1918, did not yield a erystallim^ salt. Adculnc I’orms lh(‘ bas(' in 
this substance. 


Definitions 

A Nucleotide is such a combination as giia/nylic a.eid, lhai is lo say, 
one formed by the linking togxdlua* of a phosphoric a(*i(l group and a, 
base by means of a sugar, thus : 

P S B. 


A Dinucleotide is the comj)l(‘X forim'd by union ot I wo niieh'ol ides, 
e.g., guanylic acid and adenosinic acid, I hi is : 


0< 


/P S B 
P S B. 


A Nucleoside is the gliieosi(h‘-like compound of a ba,S(‘ wilh a. sugar, 

S-B. 


The Bases derived from the Nucleic Acids.- Wh' ha\ <' jusi h e, ml 
that live bases, namely, cylosliie, uracil guauiuc, adcuiuc, and hypo- 
may be old.aincd IVomtlu* simple^ nueleie acids. 1hvo disl inel 
types of molecular structure are found in I h('S(‘ eomponn<ls. ('ylosiiu*, 
uracil (and thymine) have a pyrimidim* basis, whilsl gnaniiK', a<lenin(', 
and hypoxanthine arc (i(‘riv(‘(l from puriiu' and an* relaled ((» uric acid. 
These nbdionships an' j)lainly showai byllw' formula' gi\'(‘n Ix'low:— - 

N-- C NIL, N-.(d)II, 

II" II 

cn C -NH\ ('ll C NIL 


N==CII 
CH i:— NI-L 


II II 

N— C — N' 
Purine. 


>CH 


II II 
N— C — 

Adenine. 


C II 


N --C 



llypod'anllunc. 
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N==COH 

I I 

NH.,C C— NH\ 

■ li II 

N— C— 

Guanine. 


>CH 


HO 


N=C-OH 

i i-: 


NHn 


>COH 


N— C— 
Uric Acid. 


N=C-NH2 
HO-d di-i 


N=COH 
Hoi CH 


N— CH N-CII 

Cijlofiine. Uracil. 

Thymine lias, so far, not been found in 


N=COH 

I I 

HOC C-CHa 

II II 

N~-CH 

Thymine. 


II. Compound Types or Polynucleotides 

These, the true nueleic acids, are formed by the linking together of 
the mono-mielcotides just discussed. Of this class the two main 
representatives are yeast nucleic acid and thymus nucleic acid. We 
will consider them one at a time. 

Yeast Nucleic Acid is prej^ared from fresh yeast. This is treated 
witli dilute caustic soda to set free the acid from its compounds with 
])roteins. After some time the solution is rendered neutral by acetic 
acid and alcohol addc'd to throw down the sodium salt of the nucleic 
acid (the preparation is dc'seribed in detail in the practical section). 
The product is insoluble in wattu' or alcohol and givc'S insoluble salts 
with luaivy metals. 

Tlio constitution of yeast michac acid secans now to be well estab- 
lished. Four nucleotides are unilcal, it is su])]K)sed, through the 
phosphoric ac*id grouj)s whieli Ihus form a pyrophosphoric chain : 

Nil -l.-u-iil,-.; 

HO . 

>1*0 - - .nigar {d-rihosc) — giumiiic (pui-inc) Guanosin(e) 

\ 

/I’O - .'nigdr (d-rihiisr) — adt'niiir (i)uriTU') Adenosin(e) 

>>1*0 xiigiir (d-rihosf) - ri/lo.siiic {\tyvhtmUi\o) Cytidin(e) 

O •' 

>1*0 — engar {d-ribosc) - uracil (pyriniicliiie) TJridin(e) 

1 10 ' 

Two mctliods of liydrolysis linvo bcni employed in investi.i-atiiig 
yeast nucleic acid, namely, (i) eliemical hydrolysis and (ii) biological 
hydrolysis, i.e., by use of enzymes. 

(i) Chemical Hydrolysis.— (l) By 10% sulphuric acid at 125 ° for four 
hours. Complete scission takes place as is represented in the following- 
diagram, all the bases being obtained : 

J These name.s should be spelt without the terminal «, but some authors use the 
alternative spelling. — Tr. 
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p— 

„S__Pu 

i 

p 

S Pu 

ir 


P S Pv 

Jr — , D * j 

•p— 

1 

j. 

1 


When the hydrolysis is carried out with 2% sulphuric acid under 
the same conditions, only the purine bases arc split off, and the two 
pyrimidine mononucleotides are obtained, thus : 

P S - — Pu 

p s— Pu 

P s Py 

P s Py 

Complete hydrolysis is also br()Uf>ht about by Ireahuenl wilb 
hydrofluoric acid, or with nitric acid (sj). 1*‘2) in lli(‘ cold For liFff'f'n 

days (StcudeJ), but in tlic lattcn- pro(‘(\ss llu‘ bases an' d(‘-annn;d(‘(L 
(2) Hydrolysis uiay also Ik‘ (dlVctc'd in a iKnilral or aninioniacal 
solution at a hia’h tcm])craturt‘. Lc'Vinu' lirsl oblaiiu'd I ho micloosidc's 

by this method. 

[a) at 140° : 

p— s — Pu 

p s Pu 

P S Py 

P S Py 

{h) With 25% aqueous ammonia, at 100° for two hours (Thaun- 
hauser) : 
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— s- 

Pu ^ 


>- 

— s- 

— Pu 

Triphosplionucleic Acid, 


— s- 

— Py 


p- 

— s- 

— Py 

Uridinic Acid. 


Levene isolated cytidinic acid also in carrying out a similar hydro- 
lysis (1918), and so came to the conclusion that triphosplionucleic 
acid was probably a mixture. 

With the same reagent at 115“ a mixture of all the mononucleotides 
is obtained, whilst at higher temperatures scission takes place in the 
same way as in a neutral medium (sec above). 

(ii) Hydrolysis by Ferments. — Blood serum, lakcd blood or an 
extract of the pancreas, are said to have the same action as ammonia 
at 115“. Int('stinal juice clTects a, similar hydrolysis to that of a 
neutral medium at 1 Extracts of intestinal mucous membrane, of 
the liver or the kidneys, bring about hydrolysis in the manner shown 
below (Levciu', Medigreccainu). 


P- 

... s 

Pu 

P 


— Pu 

P 

s 

- Py 

P 

s 

-Py 


Cobra venom Inis r<‘C(‘ntly Ixhmi found lo ha\’e the sam(‘ cl'h'ct. 
(l)(lc'Z(am{‘ and Mord, 1919) il* llu* solution be mail ralisc'd as acidity 
devdops ; but in a })lain solid ion of the nuddnat(‘ ilu' rc'action doc's 
not go to (‘omplelion. Elu' hydrolysis is limi{(‘d by the additv 
produe(‘d and all th(‘ pliosphorie add is not sd Free, ])urine bases 
rianaining combined as nudeosi(l(‘s. 

Elu^ addon oF the intc'stinal {‘uzyincs needs Further invi'stigation. 
Thannhauser and Dorl'nuilh'r si at<‘ 1 hat treatment with duodenal 
juic(‘ producers I riphosphonudde acid and uridinic acid, but thdr 
rc'sults are not in agrecnient with lhos(‘ oF Levcaie (the experiments 
made with juicH' drawn off From an indsion in th(‘ duodenum are to 
be criticiscal From the physiological point of view). 

Nucleosides. — The first nucleoside to be isolated was guanosin. 
Leven(‘ and Jacob obtaim^d this compound by subjecting guanylie 
acid to neutral Jiydrolysis (1909). It forms well-defined colourless 
silky crystals, and is, characteristically, soluble in warm water but 



158 


ORGANIC MEDICAMENTS 


thrown completely out of solution apfain on eoolin<:^ Witli lead 
acetate in presence of ammonia it forms a precipitate^ audit is almost 
insoluble both in acids and in alkalis. Adenosvi forms an insoluble 
picrate, and on this characteristic property the method of preparing 
and purifying it is based. This nucleoside is more soluble in water 
than the foregoing, and can be purified by reerystallisation from 
alcohol. Cyfikn and iiridin are not precipitated by ammoniaeal 
lead acetate solution. They may be separated by taking advantage 
of the insolubility of cytidin picrate. 

The compounds may also be separatc^d as nitrates in alcohol solu- 
tion. From the cytidin mother liquors the nridin may ])e extracted 
either by fractional crystallisation from alcohol or as th(‘ (lilxmzoyl 
derivative. 

The pyrimidine nucleosides differ from th(‘ purine d(‘rivativ(‘s in 
being difficult to hydrolyse, and so in not giving rc‘adily th(‘ charac- 
teristic reactions of pentoses with orcinol and hydrochloric a(!i(L 

Levene states that when inosinic acid is hydrolys(‘d by I reatimait 
with 1% hydrochloric acid, r/-ribosc phos])horic acid, Fr,lT 9 ()r/lT)(Oir) 2 , 
is obtained ; its barium salt is solubh* in acatic acid but pr(‘cipitat(‘d 
by alcohol. 

Recent investigations have thrown doubt on ].('V(‘n(‘\s (‘onclusions 
regarding the structure of yeast nucleic acid. According lo Joiu's 
(1916), hydrolysis with ammonia at 115'' brings about a. scission into 
two telrabasic dinucleotides, the one Ix'ing a, combination of th(‘ 
guanine and cytosine derivatives, the otlua- an adcnin(‘-uracil com- 
pound. The union here cannot b(‘ through Ihe phosphoih* acid 
radicals. Rut Le\x‘nc has shown (19bS) that th(‘S(' dinuch'ol i(l(\s m*(‘ 
simply mixtures ol' the simj)I(‘r compounds d(‘S(‘rib(sl al)<)\ ('.' 

Thannhauscr and Rorfmiilha* (1917) prcpanal an (‘usily soluhh' 
trinucleotide by splitting off uridinic acid, as has already Ixsai num- 
tioned. Tlu'ir results ought to b(‘ conliruK'd. 

Thymus Nucleic Acids (sec also th(‘ practical pa,rl). Thr consliUi- 
tion of these acids is a])parc‘ntly analogous to that ol* yeast nueleieaeid 
but as one of the hydrolysis ])roducts is he\ nlinie acid, Hk* earbo- 
hydrate radical is that of a hexose insl(‘ad ofa jaadosc'. J^’iirl lau’inore, 
uracil is r(‘placed by Ihyiniiie. 

There are two kinds of thymus mideic acid. X'aridy A forms a, 
sodium salt which gives gelatinous solutions, whilst the sodium salt (d* 
variety R does not possess this propcaly. Xiwiriy R s('{‘ms to 1)(‘ 
simply an undefined decomposition product ol* A. When thymus 



three hours it yields tliymic acid, th(‘ ])urin(‘ bas(^s Ixhig diminated 
(Kossel, Neumann, 1896-97). Steudel (1918) state's that lu' obtained 
an exceedingly pure product by using N/300 sulphuric acid. 

^ Hqq Cliemical Socuitf s A nnual 11)21, XVJII, 170. 
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The constitution of thymus nucleic acid is not yet established. 
Althouo;]i Levenc and his collaborators have carried out extensive 
researches, their conclusions have not been verified. Levene stated 
that he obtained a nucleotide, namely, ihymine heccose phosiAioric acid, 
and, by the action of a ferment, the nature of which he did not dis- 
close, a nucleoside, namely, giianme-hexose. Moreover, from fish- 
sperm he prepared a dinueleotide aiid a thymine-hexose-diphosphorie 
acid. These results have not been confirmed and have fallen into 
oblivion. The acid should contain six replaceable liydrogen atoms. 
Feiilgen has recently prepared certain compounds with dyestuffs, and 
concludc's that it is tetrabasic, but that there are two much weaker 
acid groups not associated with the phosphoric acid radicals. He 
also is of tlie opinion that the carboliydrale is not a hexose but a 
glucal. A substance has been isolated ])y th(‘ action of cobra venom 
(Delezenne and Morel) Avhich is probably an adennne nucleoside, but 
it seems to be dilhcult to purify. In short, therefore, the structure of 
thymus nucleic acid still remains to be elucidated. 

Physiological Function of the Nucleic Acids. — Very little is knoAvn 
about the formation of the nucleie acids. Mieseher observed that 
the salmon in the Rhine, which take no food in their journey up the 
river, losc^ nearly all tluir musculature, while their genital organs 
develop to an (‘normous size. And it has been found that, although 
the milk of mammaJs contains no purine bases, yet the amount of 
thes(‘ substances in tlu^ body of tlu^ animal increases during the 
suckling })(‘rio(l (Rurian, hSOT). 

In tlu' eours(‘ oftluar shidies of |)rot(Mn nKda])olism, Osborne and 
Mend(‘l showcsl that, Avhih' 1 la* ingx'slion of ec'rtain amino acids is 
iK'CC'Ssary lor ih(‘ })rop(‘r growl li o(‘an animal, 1 hen' is no dc'inand for 
]mrin(' base's. Il follows, 1 here fore, that the nueleie; ac'ids originate 
from pr()t(‘ins, but of Uk' nu'chanism of Mie ])roeess we art' quitt' 
ignorant . 

Mort' is known of tlu' deeoinposil ion ol'llit'st' substances. In t'vt'ry 
organ tlu'rt' art' t'nzymes eapablt* of brt'aking tlown Iht' nuelt'it* aeitls 
mt)rt' or less et)mj)lelt'ly. Tht' action of tht' nuelt‘as(‘s was eoneist'ly 
described bySalomt)n inbSSl. IwanolT ( 1 9();i) sho\V(‘d thad ineultun's 
of. .ispergillii^s itig(‘ri)n thymus nuelt'it* aeiti phosphoric acid and j>urint' 
])ases wt'i’t' st't frt't'. In tlu* last tew yt'ars nueleast's hava' bt't'ii 
extt'nsiva'ly invest igaletl. Tlit'se ft'rmt'iits are of three kintls, nanu'ly : 

(1) Tht)se Avhit'h libt'ralt' phosj)horic at^id and leave the nucleosides 
untt)iK*lit'tl ; 

(2) Those Avhieh st't frt't' tht' bast's IVom these glucositles (ribosides) ; 

(3) Idiost' whit'll tlt'-aminatt' 1 lit* liast's. 

Tlie allt'ratitin in rofaitiry ])tnvt‘r afltirtls a liasis for the metht)d that 
has lit'cn chit'lly ust'd in investigating these transformations. The 
various ways in which scission takes place have already been pointed 
out. 
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The pyrimidine compounds are particularly resistant, and 
apparently, are not broken down by tlie oi^^anisin. Lcvene am 
Laforge have shown that hydro-uridine is unaffected by ferments 
although it is hydrolysed as easily as tlie purine nucleosides by tin 
action of acids. 

Mendel and Myers (1910) demonstrated that free pyrimidine base? 
undergo no transformation in the organism. Apparently no investi 
gation has yet been made of the metabolism of tlie pyrimidiiu 
nucleosides, but of that of the purine derivatives we are not quite sc 
ignorant. Thannliauser and Dorfiniiller (1914) studied the action oj 
guanosin and adenosin after subcutaneous injection, and describe 
some curious phenomena. Adenine, for instance, is not broken iq: 
by the organism and has a pronounec'cl toxic c^ffeet on the kidneys, 
but when injected as adenosin, that is to say, as a, riboside^, it i;* 
converted into uric acid and has no toxic ])roj)(M*t ic‘s. Guanosin, 
likewise, gives rise to uric acid and, indcaal, luairly all ol‘ it is oxidised 
in this way. It should then be very interesting to sec‘ wludher the 
pyrimidine bases, wdiich are not attacked in the fr(‘e st ate', are eiffectc'd 
when they are combined with eZ-rihe)sc. We are ne)t awan* that 1 lu'se 
results have been taken into account in the study ()l‘ pathologicuil 
pentosuria ; only arabinosc is mentie)ned in comu'ction wit h these 
rarities of clinical practice', but as the e^sazoiu's ol’ rihos(' and arahinosc! 
arc identical, it may be asked whc'ther arabinosc has actually b(‘(‘n 
identified, or w^hether the enlgin of pentosuria, should not n'ally h(^ 
sought for in the metabolism of th(‘ pyrimidiiK' nu(*l('osi(!(‘s. 


CHAPTER XIII 
ALKALOIDS 


Definition. — ^How shall wc define the term alkaloid ” ? Here is 
one definition : Alkaloids are nitrogenous substances with basic pro- 
perties. This, however, would allow every base in organic chemistry 
to be included. Yet, if the term be restricted simply to heterocyclic 
nitrogen compounds, such substances as adrenaline, hordenine, 
ephedrine, are cut out, and, on the other hand, it then becomes a 
question whether purine and pyrimidine derivatives, adenine, caffeine, 
theobromine and the like, should be included. What it comes to is 
this, that a rigid definition cannot be framed. If the term be applied 
simply to natural products and closely related synthetic derivatives, 
its use will be sufficiently limited. 

We may therefore say : An alkaloid is a base of vegetable or animal 
origin, frequently jjossessing pronounced and characteristic physiological 
^properties, tisually poisonous, forming characteristic precipitates idth 
certain reagents, and containing in Us molecule nitrogen atoms which, in 
the majority of cases, form part of a cyclic structure A 

Extraction. — A knowledge of the general properties of the alkaloids 
is needed for their ])ropc'r i‘Xtraelioii. L(d us sa.y at oiiee that alka- 
loids exist in the plant as eomponnds with ecadain acids, tannins, and 
so forth. All are sed iVee by treat numt with fixed alkalis. Some 
enter into eomhination with th(‘ alkali, namely, those in whose mole- 
cules there are a(*idie or phen()li(* groui)s. Others do not combine ; 
so a classification into two main groups is immediately possible. 

The second of our gTou])s can be sulxlivided into those alkaloids 
which arc‘ volatile in stiaini and I hos(‘ which are not. In both t hese sub- 
groups there are substances soluble in water, otIuTs only s])aringly 
soluble or insoluble in etlua*. Those which are insolubk' in (ther when 
once they have beam isolated and erystalliscai are often dissolved just 
when they are libcTated and are kept in solution tor some time', but 
not for long. 

Two main principle's guiding extraction arc based on these general 
properties. All the alkaloids of the second main group are set free 
by the action of an alkali, usually lime or ammonia, and extracted by 
means of an appropriate sohamt, that most suitable for laboratory use 
being ether. 

Those of the first group—morphine, cephacline are also liberated 
by treatment with milk of lime, but here the alkaloid cannot be 
^ See also Barger, Simpler Natural Ba^cs, pp. 5, 6. Tr. 
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extracted by ether. The filtered liquor contains the base as a calciun 
salt, and it may be precipitated by adding the proper amount of ai 
ammonium salt. Morphine is isolated in this way. 

Such processes as these are employed on the industrial scale 
each firm having its own special methods ; yet one may say withoul 
fear of contradiction that actually they are meix^ly variations on three 
themes, viz. : 

(1) Application of the methods just described using, according tc 
circumstances, some other solvent (amyl alcohol, heavy oil, benzene, 
petroleum spirit) instead of ether ; 

(2) Separation by an acid and precipitation of the acid solution b} 
lime, a method that has the advantage of removing at the start the 
waste vegetable matter ; 

(3) Precipitation of the alkaloid from an acid solution by certair 
special reagents, of which the most important is silicotungstic acid 
(Bertrand). In this way the base may be s(‘parat(‘d in a. quite 
tolerably pure condition. 

We may summarise the above in the following way : 

r Distillation in siei\in - Sparfeine. 
Extraction by an appropriate 
solvcmt ((‘I her, amyl alcohe)!, 
benzciu', {t(*.) Evirtiiie, Afro- 
^ jniie. 

Prc'cipiial ion of llu* coiu'cai- 
i rated li(pior by linu', (‘xfrae- 
tion by a soKaad Qfiiiriiie. 
Preei|)i(al ion by an alkaloid r(‘- 
ag(‘nt (sodium silieol imgsl aU'] 
Afrop’ou', Oordinv. 


(1) Alkaloids not 
combining with 
fixed alkalis. 


Set free by 
lime or mag- 
nesia. 


S(‘t fr(‘C by 
acids ; lib 
trat ion. 


(2) Alkaloids that 
combine with 
lime, soda, etc. 


'■ Tre'atnKuit willi milk ol' lime, lillralion, pr('eij)i- 
tation by ammonium chloride Morplihie. 
Treatnumt wit h ammonia, ('xiraelion wilh (t lu'r, 
solution in causli(‘ soda, neui ralisal ion of the- 
^ alkaline solul ion- CcpJiacl(ut\ Cuprehie. 


The above methods of extraction yietd only crude' produels. Prom 
these pure bases must be sepa.rat('(i and isohdrd as W(‘ll-eiyslallised 
salts. H('rc it is that dilliculties arise' and spe'cialisfs in t his Ik'ld have 
used all their wits in solving the probh'ins involvt'd. 

Derivatives of the AlkaloidlS. — Once a purci com])oimd has been iso- 
lated, a number of derivatives, salts and so fori h, must b(‘ pr('pared and 
their properties carefully noted, so that tlu'y may ('asily be recognised 
again. The chloroaurates, ehloroplati nates and pierat(‘s form l)ettei 
defined crystals than other salts, and are the most easily analysed. 
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Their preparation is not troublesome, yet beginners frequently fail at 
the first attempt because they usually work with too dilute solutions 
or with such solvents as hold the double salt in solution. It is best 
to use concentrated solutions and to employ the calculated amount 
of the reagent, remembering the formulae : 

2RPtCl4*2HCl 

RAuCla-HCl. 

If precipitation does not take place, the solution must be concen- 
trated in a vacuum desiccator over strong sulphuric acid. 

Another characteristic derivative is the methiodide, the preparation 
of which will be described later. 

Rotatory Power. — Valuable evidences as to the purity of alkaloids 
may be obtained from polari metric observations. It must be remem- 
bered that frequently both the nature of the solvent and the concentra- 
tion of the solution are important factors, and so, when one sets out 
to follow up the purification of an alkaloid with the polarimeter, care 
must be taken always to work under uniform conditions. 

Microscopic examination of the crystalline form is indispensable. 
In nearly every case alkaloids may be characterised in this way. 
Either the form of simple salts, such as hydrochlorides or sulphates, 
may be observed, or microcrystalline i^rccii^itates may be prepared on 
the slide itself. 

CHEMICAL PROPERTIES OF THE ALKALOIDS 

The first (piestion to })resent itself in the actual investigation of a 
base is that of the degree of saturation of the molecule. All unsatu- 
rated alkaloids, that is to say, those having a double bond in a side 
chain or in a heterocyelie nucleus, decolourise permanganate in cold 
dilute acid solution. Tiiis preliminary test, which may yield most 
valuable evickaice, is oftcai omitted. Sparteine, for example, although 
it will not deeolouris(‘ acid p(‘rmanganate, was formerly shown in 
every elassieal treatises as an unsaturatcal compound. Cliemists 
beginning work on this alkaloid would tluai bt^ on the wrong track 
ri ght at tlu' start. 

Ilydrogcai is taken up at the double bond when the compound is 
treated with thc‘ gas in ju'esence of platinum or palladium. (Example : 
Hydroquinine.) 

Most alkaloids arc tca-tiary bases. Primary amines are only found 
in the purine series (Adenine). Secondary bases are, however, less 
rare ; cieutine, conhydrine^, ephedrine, adrenaline may be mentioned. 

Physical properties, odour, melting point or boiling point, and so 
forth, and readiness to undergo oxidation, will already indicate to some 
extent how the nitrogen is combined, but there are simple methods 
for definitely settling the question. Besides Hofmann’s reaction, 
which will be discussed later, the reactions with nitrous acid, with 

11—2 
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alkaline permanganate, or with acyl chlorides, are employe< 
Secondary amines yield with nitrous acid nitroso derivatives ; tertiar 
bases do not react. Acyl chlorides, and phenylisocyanate, also do nc 
interact with tertiary amines, but with primary and secondary amin( 
compounds are formed, e.g., with benzoyl chloride, derivatives of tli 
tvpes : 

CeHg CO NH-R, Cells-CO NRa, 

or with phenylisocyanate, 

. Cells NH CO NHR, Cells NH CO NR,. 

In nearly all saturated alkaloids the third valency of the nitroge 
atom is taken up by a methyl group, in fact, this is the only one nn 
with up to the present. The only abnormal saturated bases (froi 
this point of view) are those of the quinine, h:i])inine, sparteine group 
here the nitrogen atom is attaclied by its third \^alency bond to anotln 
adjacent carbon atom. We shall see })resentl3r 1 k)w llofmanirs reac 
tion enables such abnormal groupings to be recognis(‘d. 

Estimation of 'N-Meihyl Groups . — Zeisebs metliod for csti matin 
methyl in methoxy compounds has been so modified by Herzog an 
Meyer as to render it applicable to substances in which the grou 
is present. The underlying principle is unallen'd, hut 
different apparatus is used, so that the hydriodic acid may act mor 
vigorously. The reaction that takes place is shown by tlu' genen 
equation : 

/Cll, 

ll': N— H = R : NH -| CII.J. 

-- \i 


The base is heated with hydriodic a(‘id in a, sjxa'ial apparatus eor 
sisting of two small flasks (*onn(‘(*t(‘d log(‘lh(‘r, ( Ik* (h'eoinposit ion pr( 
ducts being twice subjected to the action of tlu' hydriodic acid befor 
the methyl iodide formed distils over into an alcoholic solution o 
silver nitrate. The estimation is tlaai compIct('d as in tli(‘ ordinar 
Zciscl method.^ 


Groupings containing Oxygen.— Most, a,lkaIoids contain oxygen 
this may be combined in various ways, Unis : 

As part of an alcoholic hydroxyl group, ])rimary, s('eondary e 
tertiary, in Quinine, Cinchonine, Troplne, Lupinlnr, Ephedrine. 

As part of an ether grouping, in 

,, ,, ester 

„ „ a phenolic hydroxyl 

,, ,, carboxyl group , 

betaine grouping 


Quinine. 

Cavdiuc. 

Morphine. 

Ecgoniue, heuzo/jl-ecgon in 
Tricon elline. 


Characteristic for hydroxyl gi-oups is the reaction with acyl clilorid< 


1 See Ohemied Society's Ahstracla, 1895, ii., 296 ; Meyer and TinMo, DHcrmincUw 
of Radicles m Organic aompov.vds, 3rd od., 1908, p. 114 (Wiley, New York) ; Meye: 
Analyse und KonsMutionsermittlung organischer Verhindungenf 1910, p. 839 (Springe; 
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or anhydrides. When the substance is a free base it is treated with the 
reagent in warm benzene solution, whilst if it be a hydrochloride, the 
reaction is carried out in wea,kly alkaline aqueous suspension, i.e., in 
the cold with a small excess of 4% caustic soda, as prescribed by 
Schott en and Baumann. 

When hydroxyl derivatives are treated with dehydrating agents 
unsaturated compounds are formed. Tlie best and most widely used 
reagent for this purpose is a mixture of concentrated sulphuric acid 
and glacial acetic acid in the proportion of 2 to 1. The reaction 
mixture is heated at 180° to 200° for ten or twelve hours. 

The manner in which oxidation takes place will show whether the 
alcohol is primary, secondary, or tertiary. 

Methoxyl groups are characterised and estimated by Zeisel’s 
method. This consists in heating the base with hydriodic acid ; 
methyl iodide is evolved, and when passed into alcoholic silver nitrate 
gives silver iodide. Scission of a methoxyl group to give the parent 
hydroxyl derivative may be easily carried out by heating the base with 
strong hydrochloric acid (or better, hydrobromic acid) in a sealed 
tube. This has been done with e,g., hydroquinine, emetine. 

Alkaloids containing acidic groupings are, in general, neutral to 
litmus like the simple amino acids. They usually form salts with 
bases and esters with alcohols. The esters are obtained by boiling an 
alcoholic solution of the alkaloid saturated with liydrogen chloride. 
The aypper salt is nearly always a well-crystallised and characteristic 
derivnitive, and it, for example, may be prc^parc'd l)y the following 
simple, but littl(‘ known, method. 

N(‘utralis(‘ (‘xaetly with baryta water a. solution of eoppeu’ sub 
l)hate ; add the acid in ([U(‘stion to the inixture and warm for a 
few minutes on tlu* water-bath. FiltcT while hot. The salt will 
erystallise out Avluai tlu' solution cools or if it be evaporated 
down. This mc'thod has tlu* advantage of bringing the acid in 
eontaot with eoppea* oxid(‘ in a. V(TV hnely divided state. 

Action o! Reagents. — The reactions by which tlK‘S(‘ functional 
groupings ar(‘ r(‘(*()gnis(‘d giva^ only a vague' idc'a. of tlu' actual constitu- 
tion of the alkaloid. Kvidc'utly furtlu'r investigation will nc'ed s]X'eial 
methods for ('a(*h substance', and we can hardly eonsidc'r all ol them 
here. Ncvertlu'h'ss, thc'rc' are two methods of ge'ueral application, 
namely, oxidation and that due to Ilormann. 

All oxidising agents do not behave in the same way, and, in any 
given case, it is impossible to say, a priori, which will be the best. 
Generally, chromic acid is used to oxidise side chains or to disrupt a 
molecule at a point where there is a double bond, a hydroxyl group, or 
the like. Permanganate serves in replacing the methyl of a methyl- 
amino group by hydrogen, or in oxidising a double bond to form a 
dihydric alcohol. It acts differently according as the solution is acid 
or alkaline. Nitric acid is less frequently used. Plydrogcn peroxide 
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has given interesting results in Wolfenstcin’s hands, ^ but it is n 
generally useful and produces some odd efh'cts. 

Three classical examples of oxidation processes, whicli will serve 
models in almost every case, will be described in detail. 

(1) Oxidation of a N -methyl grouy. Production of a secondary ha 
hy the action of alkaline ^permanganate solution. 

Conversion of Tropine into Tropigenine (Willstattcr). 

10 gm. tropine and 5 gm. potassium hydroxide are dissolved in 
litre of water, the solution is cooled to 0° and contimionsly agitat< 
while 22*5 gm. potassium permanganate, also dissolved in a litre 
water, is slowly added. The reaction being complete, the filten 
liquor is acidified with hydrochloric acid and e\^aporated to dryncs 
To the residue a little water and a great excess of solid caustic potai 
are added and the mixture is extracted with 20 to ;i0 litres of ethc 
The etliereal extract is concentrated until its volume is about 220 e.c 
and it is then cooled in ice. The tropigenine crystallises out. 

(2) Regulated oxidation of a secondary alcohol. (Universion into 
ketone. 

Conversion of Tropine into Tropinone (Willstiltt(T). 

To a solution of tropine (25 gm.) in acetic acid (100 gm.), one c 
chromic acid (12 gm.) is added, droj) by droj:), agitating meanwhi] 
and keeping the temperature at 60^ At tlK‘ end tlu; solution 
heated for a few minutes on the water-bath. Caustic potash in exee.-- 
is added and the mixture steam-distilh'd. Only troj)inon(‘ passe 
over with the steam. Yield : 00^4 . 

(3) OxidatUni of an alcohol to an acid. 

Generally, when an alcoholic group has hvru idtadilu'd in a, bas( 
its nature, whether primary, secondary, or l('r(iary, is uidoiown befor 
the oxidation is carried out. 

If the group be primary, th(‘ produel of ( lu' oxidation will be a 
acid containing the same number ol earhon atoms as 1 lu" origiiui 
alcohol. 

If it be secondary, regulated oxidation will yie'ld a k<‘ton(‘, whils 
more energetic oxidation will ])rodue(‘ a, dieairhoxylie acid if th 
hydroxy group be attaclied to a ring (‘arbon atom, or a monoeai 
boxylie acid if it be a. substituent in a, straight chain. In th(‘ latte 
case, the place at which oxidation has taken (‘ffc'ct will he indieatce 
by the number of carbon atoms that have disa,pi)ea,r(‘d. 

When lupinine is oxidised lupinic acid is ])rodu(;cd ; this contains th 
same number of carbon atoms and only one carboxyl group. Lu|)inini 
is therefore a primary alcohol. 

When atropine is oxidised a rZ^-carboxylic acid containing the sam< 
^ See Cfmn. ISoc. AbsiracLs, 1895, i., 479. 
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number of carbon atoms is obtained : therefore, in atropine the 
hydroxy group is secondary and is attached to a carbon atom forming 
part of a cyclic structure. 

When conhydrine is oxidised pipecolinic acid is formed. This has 
one carbon atom less than conhydrine. The latter, therefore, is a 
secondary alcohol with the hydroxy group in the side chain and 
attached to the second carbon atom from the end. 

These facts may be represented in this way : — 



i-*t T ^ 







(Iroji 

Cl 1 U I J " ■" 

-!J 

CO,H 
-i— — J 



— CHOH 

. 


CH3 



‘CO,H 


^CO,H 


Thus, evidently, tlu' way in which oxidation tak(‘s place shows to 
what class of alcohol th(‘ compound in (pu^stion belongs. 

Primary alcohols bc'gin to uiuka'go oxidation even in the cold, and 
to compl(d(‘ llu' oxidalioii (aioiigh chromic acid to rurnisli two atomic 
proportions oT oxyg(‘n will sullice. 


Oxidation of Lupinine to Lupinic Acid (Willstiltter and Fourneau). 

50 gin. lupiniiH* is dissolvcsl in 100 <*.(*. water and 15 gin. siil])hiiric 
acid. To 1 h(‘ (*ol(l solid ion is addcsl a niixlure of 1-0 gm. cliromic acid, 
(K) gin. sulphuric acid and SOO c.c. waU'r (thcs(‘ quantitic's correspond 
with two atomic proportions of oxyg(m). Th(‘ oxidation is almost 
compl(‘lc in [hr (*old, tlu' tcmjicratun^ rising to 60'. T1 k‘ mixture is 
hoik'd for half an hour. WIk'U the li(pud has a clear green colour 
with no brownish cast, and addition of a little' more chromic acid 
change's tlu' colour to a, brownish yc'llow, the oxidation is finished. 
Now to isolate the acid is a sonu'what lengtliy opc'ration. First, any 
excess of chromic a(‘id is rt'ducc'd hy bubbling sul])hur dioxide into the 
solution, then c'xcess of the latter is lioilcd off. The solution is made 
alkaline' by adding ammonia, filtered and evaporated to dryness. 
The residue, containing the acid and ammonium salts, is extracted with 
alcohol, the impurities being left behind. The alcoholic solution is 
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evaporated to dryness and the ammonium salt so obtained dissolved 
in a large amount of water ; an excess of barium hydroxide solution 
is added, the ammonia is driven out by blowing steam through, and 
the excess baryta is precipitated by passing carbon dioxide. To the 
filtered liquor the exactly necessary amount of sulphuric acid is added 
and the filtered solution of the free acid is evaporated to dryness. 

Oxidation of a Double Bond . — ^An example, in which the acid ob- 
tained is sparingly soluble in water, namely, the preparation of 
quitenine by oxidising quinine, is described in the practical part of 
the book. 

Besides the classical oxidising agents, there are many others 
that are useful. As an example of an oxidation by nitric acid, that 
of nicotine (Weidel) may be mentioned. Industrially, electrolytic 
oxidation has given valuable results in certain cases ; the firm of 
Merck has taken out a patent for converting tropine into tropinonc by 
this means. 

Hofmann’s Reaction. ^ — We will now turn our attention to this cele- 
brated reaction, the applications of which have been so fruitful and 
the utility so great that one is justified in saying that, without its lielp, 
little progress would have been made in alkaloid chemistry. 

The underlying principle is shown by tliesc two equations : 

CH3\ /OH /CH3 

CH3— N = CH3OH + N- CH., 

CI-I3/ \ch3 \(:ii3- 

CH3\ /CH3 /C’lL, 

CII3— N ^ CJ-I4 + up + N (’II... 

qm/ \oh \c!ir' 

If a quaternary aninionium ba.se containing only methyl f’T()u])s he 
heated, it breaks up into trimcthylaminc and methy] alcohol. Jhit 
if one or more radicals arc liomologoirs to methy], an unsaturated 
hydrocarbon, water, and a tertiary amine, eontainiiifr the remaining 
alkyl radicals, are obtained. The methyl groups alwa,ys nmiaiii 
attached to the nitrogen atom. 

In the alkaloid series, the reaction takes a somewhat dilTerenl 
course, because, usually, two at least of the nitrogen \alencics are 
taken up by the two ends of one and the .same carbon chain. The 
classical examjrle of jhperidine, .studied by Hofmann liimself, will 
illustrate the jroint. 

Piperidine i.s a secondary base. When it is treated with methyl 
iodide ihpcridinc methiodide, i.e., N-methy!piperidine hydriodi(ic-, 
is formed, then, with more of the base, piperidine hydriodide and’ 
N-methylpiperidine methiodide : 

^ The so-called exhaut-iive 7riPthijlatiou, 
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H^rAn, 


+CHJ 


H { CH, CH3'^pCH3 H^pH 

When the latter is treated with silver oxide, the corresponding 
hydroxide is obtained, and when this is heated it decomposes, water 
is given off and an unsaturated tertiary amine formed : 


HjAh. fiAH. 

^ + 

Hi Jh, 

CH3'^|'^CH3 


H.Ah, H.Ah, 


\ 


ca OH 


A A 

CH, CH 4. H,o 
CH, i.. 


This base is what Hofmann incorrectly called dimetliylpiperidine. 
Now, being still a tertiary amine, it will take up methyl iodide, and 
when the quaternary ammonium iodide formed is heated with potash 
it breaks up into trimethylamine and a doubly unsaturated hydro- 
carbon, namc^Jy, piperylene : 


CT- 



rLxi 

^ i — 

k CH, 

1! 

CH, 

il 

CH, 


OH 

CH3 CH3 




Instead of making the hydroxide se])aratelv by causing the salt to 
interact with moist silver oxide, this time it is heatial directly with 
(‘austie potasln It is, in fact, most often necessary (as the union 
between nitrogen and carbon must be broken), to ha\'(‘ n-eoursc totliis 
more drastic treatment with caustic alkali. It should he added that 
the reaction frequently takes a less straightforward course; it is 
complicated by the reverse eliange to the original liase, the quaternary 
hydroxide losing alcohol instead of watcu', thus : 



+ CHjOH 



170 


ORGANIC MEDICAMENTS 


Lastly, the formation of an unsaturated hydrocarbon by this 
splitting off of the elements of water may take place in so many 
different ways that it is a rare event for one not to obtain several 
isomerides at once, particularly when alkaloids more complex tlian 
piperidine are undergoing treatment. 

At times the nitrogen atom may form part of a double ring, as in 
quinine and lupinine. Here Hofmann’s reaction takes an abnormal 
course, because, twice running, a tertiary base is obtained. Lupinine, 
for example, contains the ring structure : 


ChTcIVcH -CHi-CHi-CHiOH 


Ca CHi CHi 


Here the result of the first treatment with methyl iodide is to dis- 
rupt one of the rings, so that again we have the piperidine structure : 



The final product is a hydrocarbon of this kind : 

CH 

/I \ 

CH CH CH C=CH2 

11 li 11 1 

CHi CH, CH, 


Obviously the double bonds may be variously arrang(‘{l and so a 
multiplicity of isomerides may be obtained. 

Hofmann himself did not discover the true (‘X])lanation ofllu^ 
reaction ; it was Ladenburg who put out a satisfactory tlu'ory, but 
into tlie details of the discussions that took place we cannot (‘nten* 
now. 

The actual manipulation is as follows : 

The alkaloid is first treated in a test tu])e with methyl iodi(h‘ 
dissolved in a little methyl alcoliol ; whether the reaction is vigorous 
or not may thus be noted. Sometimes it is very eiiergetic, and whem 
larger quantities of substance are handled it becomes necessary to 
dilute the solution. Only rarely is heat required, and nearly always 
the methiodide crystallises out. When the solution is neutral tlie 
reaction is complete. The iodide is separated, dissolved in water and 
a small excess of moist silver oxide is stirred in. The filterc'd liquor is 
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evaporated down in vacuo on the water-bath. Water passes over, 
then, when nothing more distils, the residue is heated in an oil-bath. 
Suddenly the hydroxide decomposes, water distils off, followed by the 
base. During the distillation of the aqueous solution much froth is 
formed ; this can be kept under control by passing ether vapour 
over the surface of the liquid. 

The base obtained is treated afresh with methyl iodide, silver oxide, 
and so forth. Sometimes, as has already been pointed out, the last 
distillation is made over caustic potash. The trimethylamine is 
collected in dilute hydrochloric acid. 



CHAPTER XIV 

GENERAL REMARKS ON PHARMACEUTICAL PRODUCTS 

In the preceding chapters we have given a more or less detailed 
description of most groups of medicaments, but some have been left 
out of account (iodine and silver medicaments, tannin derivatives, 
anthel mintic s, and so forth), either because the particular group was 
too small to have a chapter to itself; or because it lias been found 
impossible to trace a relationship between constitution and physio- 
logical action for the compounds in question ; or because we thought 
that the chemical processes involved in their preparation were not 
interesting enough from a scientific point of view ; or, lastly, because 
their preparation, in its details, could not be included within the 
limits we had fixed for ourselves. 

So as to fill this gap we now propose to devote a short chapter to a- 
sort of synthesis of the essentials of our knowledge of medicaments 
and of the relationships that exist between their chemical constitution 
and their physiological action. 

GENERAL CONSIDERATIONS 

Little by little precision emerges from the formidable accumulation 
of observations, the simple recital of which fills a voluminous work 
(Frankers Arznemiiitelsi/nthese), Naturally only the more important 
conclusions can be mentioned here: 

I. Open-chain hydrocarbons arc less toxic than eitlier benzenoid or 
hydroaromatic hydrocarbons (c^c/ohcxanc), and the last nanu'd are 
less toxic than benzene or its homologues. 

II. In the acyclic series, compounds having unsaturated linkagc^s ar(‘ 
more active than the corresponding saturated substances, e.g,, 

Allyl alcohol — Propyl alcohol, 

. i cr olein — Prop lonalclehyde. 

But the contrary holds if the compounds be amines, and this 
difference is still more marked when the cyclic bases are in qu(\stion. 

AUylamine is less toxic than lyropylamine, pyridine i(\ss than 
piperidine, naphthyl amine less than hydronaphthylamine. 

III. Already we see, and later wc shall again notice, other factors 
coming into account, such as particularly the position of the ethylene 
linkage in relation to the other groups or to the nucleus. Methyl- 
vinylamine, for example, is more poisonous than allylamine, safrole 
more than isosafrole. 

The influence of the double bond depends, therefore, on its position. 
This must always be kept in mind and, moreover, it must not be 
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forgotten that derivatives of vinyl alcohol, CH 2 : CH-OH, are parti- 
cularly active. 

IV. Certain very toxic groupings (the nitrile radical, the nitro 
group) enter only infrequently into the composition of medicaments 
(hydrocyanic acid, trinitroglycerine). The remaining classes of 
compoimds may, as a quite general rule, be arranged in the following 
descending order of toxic potency : 

Lactones of the aromatic series {Cantharidine). 

Aldehydes, Ketones, 

Amines, Heterocyclic bases. 

Alcohols, Phenols. 

Esters. 

Acids. 

We must leave the alkaloids out of account, because they do not 
come under any law of this kind. Why is arecoline, for example, an 
ester of an amino acid, more toxic than ecgonine methyl ester ? Why 
is quinine so feebly toxic ? Its molecule contains a quinoline nucleus, 
a fused piperidine ring, and an unsaturated side chain. We are a 
long way from being able to answer such questions as these. 

V. The introduction of an acidic group into any molecule brings 
about a considerable decrease in physiological activity. 

Eihylamine — Glycine. 

Tr opine — Ecgonine. 

Benzene — Benzoic acid. 

Phenol — Salicylic acid. 

VI. But if the acid be esterified some of the activity is regained . . . 
not always, however, in the same sense. 

VII. In some cases alkylation of phenols produces a less toxic 
compound, e.g., 

Phenol — Anisole. 

Catechol — Gnaiacol, 
but in others a more toxic product. 

VIII. Usually alkylation of amines augments the toxicity. This 
is particularly the case with Atoxyl and its derivatives (Dysthera- 
peutic influence of the methy] group— -Ehrlich). 

IX. Amines arc rendered considerably less toxic by acylation (this 
has generally meant acetylation). 

An nine — A cetanilide. 

Phenetidine — Phenacetine. 

X. On the other hand, acylation of a hydroxy group augments the 
therapeutic activity of the compound, or sometimes completely alters 
its character, particularly if the molecule contains an amino group. 

Ecgonine methyl ester — Cocaine. 

Psendotropine — Tropacocaine. 

Salicylic acid — Aspirin. 

Choline — A cetylcholine. 
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Certain acids appear to have a specific influence, viz., 

Benzoic acid in local anaesthetics ; 

Valeric acid in sedatives. 

Acetic acid in all other cases where it is a (question of 
reinforcing an existing property or of diminishing toxicity. 

A particular ease of acylation is that of the urethanes (carbamic 
esters), all of vhich are more or less active hypnotics. 

XI. No conclusion of any kind can be drawn as to the influence of 
the molecular weight. In the aliphatic scries, where nearly all com- 
pounds, not amines, are hypnotics, activity increases with rise in a 
molecular weight until about the Cg term is reached. 

XII. Ramification of the carbon chain augments the hypnotic 
potency of the amides, ureas, alcohols, and so forth, of the aliphatic 
series. The maximum activity seems to be possessed by compounds 
containing tlie groupings : 

CJ-I5/ ' C,,II,/ 

Nevertheless, among urethanes of secondary alcohols, which have 
been extensively investigated, the grouping [a) : 



seems to be more active than the grouping (/>). 

A typical example, exhibiting the influence of molecular weight in 
a striking manner, is afforded by the (‘st(TS of ehoJiiu‘. ILeinolyl ic 
activity appears when the esterifying acid is tlie C 35 compound, and 
increases as the number of carbon atoms rises from 15 to 17, so I hat. 
stearyleholine is to be ])laeed among the most powerful haanolytics 
known (Delezenne, Fourncau). 

XIII. The influence of the position of the substituent groups may 
be very great, but an exact rule cannot be formulated. 

In the aromatic series no regularity is shown : of the nitroplienols 
the para isomeride is the most toxic, but o-nitrobenzaldchyde is more 
toxic than the para compound, and the same may be said of the 
various pheneti dines and phenylene diamines. 

Among arylaliphatic amines, of wliich benzylaminc is typical, the 
y^-position with respect to the ring is particularly important. That 
all /^-phcnylethylamine derivatives, providcnl the amino group is 
primary or secondary, are sympathomimeties has already been 
pointed out. Tyramine and adrenaline belong to this class. 

But not only position isomerism and optical isomerism, ster(‘o- 
isomerism in the other sense also may have an influence, as the 
example of tropine and 2 ^-?^^-<<^ 0 “tropinc shows. In this connec- 
tion we may again refer to the difference between dl-adrenaline and 
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/-adrenaline, to the effect of stereoisomerism on the taste of amino 
acids, sugars, and so forth. 

XIV. In a general way, methane derivatives are hypnotics, benzene 
derivatives are antipyretics. 

XV. Most reactions of chemical compounds are indicated by their 
effect on litmus : the beginnings of chemotherapeutics may be found 
in Ehrlich’s admirable investigations on the fixation of acid or basic 
dyestuffs by the nerve cells. 

XVI. The few conclusions as to the influence of chemical constitu- 
tion on physiological action that seem to be well established are the 
following : 

Bcnzoylation of amino alcohols always give rise to local ansesthetics. 

The /3-position in arylaliphatic bases (yS-phenylethylamine) is of 
outstanding importance. 

All cpiaternary ammonium compounds have curari-like jDroperties. 

The ethyl group, and particularly the diethylmethylene group 
(Veronal, Sulphonal, Adaline, etc.), possesses ‘‘ hypnotic ” charac- 
teristics. 

The introduction of an acidic grouping produces a less toxic com- 
pound ; acylation of amines has the same effect. 

ELIMINATION OF MEDICAMENTS BY THE ORGANISM ^ 

The phenomena that take place in the organism are exactly like 
those which we can bring about in the laboratory, but with this 
difference, that the reactions occurring in the living cell are infinitely 
more delicate, diverse and unexpected than those taking place in our 
flasks and beakers ; this is due to a multiplicity of ferments, aided by 
physieal conditions (liigh osmotic pressure), of which we know very 
little. 

All the same, everything that happens is the result of oxidations, 
reductions and condensations, with or without separation of the 
elements of water. 

Oxidation. — Fatty acids apparently suffer oxidatit)n at the yS-carbon 
atom, a hydroxy acid being the lirst product ; further oxidation 
produces a ketonie acid, and eventually the carbon chain is broken, a 
new carboxyl group being formed. Oxidation of a fatty acid involves, 
therefore, the removal of two carbon atoms at once. 

Amino acids, on the other hand, are usually oxidised to a-keto 
acids, the amino group being eliminated. Subsequent reduction 
produces hydroxy acids. In every instance, the ultimate product of 
the oxidation is an acid with one carbon atom less than the original 
amino acid. Sometimes, however, more conqdicated changes take place, 
glycocoll (glycine) and alanine, for example, being converted into urea. 

If an alkyl radical be introduced into the amino group (sarcosine), 
^ “ Excretion ” in biochemical language. — Tr. 
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the acid is much more, even quite, stable. Acylation (benzoylation) 
of the amino group has the same effect. 

Noteworthy differences in behaviour are observed when the amino 
group occupies other positions, or according as the organism attacking 
the amino acid is a yeast, a bacterium, or a mammal, and so on. 

Primary and secondary alcohols are readily oxidised, but not 
tertiary alcohols, nor halogen derivatives. Isopral and trichloro- 
ethyl alcohol are eliminated unchanged, in combination with gly- 
euronic acid. 

Some ketones pass through the organism without being attacked 
to any great extent (methyl ethyl ketone) ; others, such as di(‘thyl 
ketone, are completely burnt up. 

The nucleus in cyclic compounds is usually stable, but side chains 
are attacked in the same way as aliphatic compounds. Moreover, 
even if the nucleus is not completely oxidised, it may be sulqect to 
some modification. One of the most int(Testing instanc(‘s of tliis 
taking place is the conversion of aniline into p-ami nophenol. 

Some aromatic acids, such as phcnylglycollic acid, would seem to ])e 
easily destroyed, but, on the contrary, they are very resistant. Acids 
with long side chains undergo '‘/5-oxidation ” as in th(‘ aliphatic series. 

Unsaturated acids, e,g.^ cinnamic acid, reappear as hij)purie acid, 
the intermediate stage being benzoic acid. 

Amines are not easily attacked and most oflcm pass I hroiigh I he 
body unaltered. 

Amino acids with the amino group attaclu'd to the (i-carbon a(om, 
phenylalanine and tyrosine, for (‘xamph*, a,r(‘ comph'lc'ly d(\str()y('(l. 
But it is interesting to note that orllu) substil ution, as against pam 
(as in tyrosine), renders tlu* inoJecuh^ I(‘ss rcsnlily oxi(lis(‘d. Ini I’odne- 
tion of chlorine has the sam(‘ ('ffect, chloroj)henylalanin(‘ Ixhiig 
hardly attacked. Thc‘ presence^ of nadhy! grou[)s in llu' nuchais 
makes no difference. 

Benzene itself is oxidised to sonu^ c^xtent, and llu' organism can 
accustom itself to the work. 

Briefly, in parts of the organism, ema-gedh* oxidation lak(‘s place', 
and it depends on the constitution of any particular eoni])oiind 
whether it be directed towards or a.wa,y from these' c('ntr('s ol' oxida- 
tion. Furthermore, the oxidation process usually take's J)laee' in a. 
predetermined fashion, the molecule is always atlacke'el in the' same' 
place, and if this place be protected by substitution, Ihc' e)xielatie)n 
does not come to pass. 

Reduction. — A well-known instance of reduction by the e)rganism 
is that of picric acid, which is converted into pieramie acid (elinitro- 
aminophenol). Other examples arc those of the reduction of certain 
colouring matters to the corresponding Icuc'c-eompounds, the reduc- 
tion being localised and taking place only in certain cells. This 
reduction is inhibited by hypnotics. 
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Chloral yields the corresponding alcohol. According to Ehrlich, 
arsinic acids, e.g,, atoxyl, only act after reduction has taken place, 
either to the arsenious oxide or to the arseno derivative. 

Elimination. — Foreign substances are eliminated from the organism, 
whether they have been oxidised or reduced, most frequently in com- 
bination with other compounds, of which the best known S-ve glycuronic 
acid, CH0-(CH-0H)4*C02H, glycine (glycocoll) [hippuric acid], and 
sulphuric acid [ethereal sulphates]. 

Essentially it is by converting them into acidic compounds, which 
are ejected as salts, that the organism rids itself of harmful sub- 
stances. But there are many other ways in which poisons can be 
made innocuous : a typical example is the conversion of nitriles into 
thiocyanates (which apparently takes place at the expense of the 
amino acid cystine), ft has been shown by Chelles that hydrocyanic 
acid is eliminated in the form of thiocyanates. 

Some other cases may be mentioned : 

Phenol is eliminated as potassium phenyl sulphate, CgHgO-SOgK ,* 
benzoic acid as hippuric acid. 

Vanillin is excreted in combination with gl^’-curonic acid after 
conversion to the corresponding acid : 

CH30CeH3(C02H)0CH(CH0H)2*CHCH(0H)C02H. 

I 0 ^1 

Pyramidon is partly transformed into rubazonie acid, being thus 
demethylated ; in part, also, it forms antipyrylurea : 

Celis-N 

CHg-N CO 

CH3-C=ckTH-CO-NH2. 

Antipyrine reappears combined with glycuronic acid, and at times 
as oxyantipyrinc ; chloral and tertiary alcohols also form compounds 
with glycuronic acid. 

The organism can avail itself of many other means of getting rid 
of foreign substance's, but those described will illustrate sullicicntly 
the principal ways in which elimination takes place. 
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SETTING UP APPARATUS— RECOMMENDATIONS TO 

BEGINNERS 

Most operations in organic chemistry, and indeed all those described 
in this book, may be carried out in quite simple apparatus. A great 
variety is not needed. That in frequent use will be described con- 
cisely here so as to avoid repetition later. 

Manipulation in organic chemistry is chiefly Distillation per descen- 
sum, and Distillation per ascensum, that is to say, with reflux of the 
condensed vapour ; then there are operations needing Agitation 
(shaking or stirring), Heating under pressure (sealed tubes or auto- 
claves), and others of less importance. 

Distillation per descensum. — There are three cases to consider, (1) a 
liquid is to be separated from a solid dissolved in it ; (2) two or more 
liquids of different boiling points are to be separated ; and (3) either 
(1) or (2) must be carried out under diminished pressure. 

(1) The three components of an apparatus for simple distillation are 
the still (a flask), the condenser and the receiver. The flask is 
connected with the condenser by means of a bent glass tube fitted with 
corks or rubber stoppers. The receiver is attached to the lower end 
of the condenser. Little need be said about the flask except that it 
should be chosen with care: the neck should be truly circular ; tlie 
walls uniformly thick, and that tliev are so may }>tq)ro\T‘d by gently 
tapping all round with the finger nail. 

The connecting tube should be bent to a smootli curve and liave its 
ends rounded in the blowpipe flame. Good corks should lx* selected 
of such a size that, after being softened by squeezing, tlu‘y ma}' be 
pushed into the flask to about a quarter their length. The hole should 
be drilled with a proper cork-borer of suitable size, lirst from one (‘lul 
and then from the other. Nothing is more olqeetionable to a careful 
chemist than to see a glass tube passing through a cork all askew. 
The hole should be uniform ; it is best to make it at first on the small 
side and then widen it with a round file until it will just fit the tube 
tightly. 

The condenser for liquids more volatile than water should be of 
either the double surface or Vigreux's iDattern ; the latter has sharp 
indentations along the inner tube. 

The condenser should follow exactly the line of the tube entering 
it. Artistry should be sho\vn in practical chemistry. Apparatus 
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should be fitted up carefully and neatly, even elegantly ; the time 
thus spent will not be wasted. 

To the lower end of the condenser is fitted an adapter so as to 



connect it with the bottle or flask which scrv(\s as r(‘e(‘iv(‘r. 1'h(‘ 

cork of this flask is bored with two hol(\s, through oiu' of which 
passes the adapter, while the otlua* carries a l)ent glass I uh(‘ (auling 




m a piece of rubber tube long enough to reacii below tlie Jevo] 
ot the bench. In this way, provided the distillation Hash does not 

break, all ^nger of a fire in distilling a very indammable liquid is 
prevented (Fig. 1). ^ 

The liquid to be distilled is introduced only after the apparatus has 
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been satisfactorily fixed up. Then, before heating, it is well if a few 
fragments of unglazed earthenware or broken brick or chips of wood 
are dropped in to promote steady boiling. 

(2) Fractional istillation, the theory of which cannot be entered 
into here, usually involves the use of special flasks. That depicted 
(Fig. 2) is a convenient form. 

The general arrangement is much the same as in the preceding case 
(Fig. 1), and further description is unnecessary. If the substance to 
be distilled boils at a temperature above about 140° it is safer to 
replace the condenser by a wide glass tube with thin walls. The flask 
should be warmed up gradually if an oil-bath be not used for heating, 
and the bottom should be viped with filter paper if condensed moisture 




from the llaine eolk'Cts. To note down the tare of the* rt*et‘i ver should 
not be forgotten. In place of the somewhat expensix e special llasks, 
distilling heads, such as that figured (Fig. 3), or a fractionating column 
of Vigreux's or some other pattern, may be used.^ 

(3) Vacuum Distillation. — The simplest apparatus consists of two 
distilling flasks fitted together so that the side tube of the one goes 
right down the neck of the other, which serves as receiver. It is 
essential that all joints be quite air-tight. During the distillation a 
1 The English student should consult Distillation Principles and Processes, by 
8. Young and collaborators (London, 1922). Of all branches of laboratory manipu- 
lation in'^organic chemistry, fractional distillation is usually the most imintelligently 
carried out, '^shop-made apparatus of traditional, complicated (but ridiculous), design 
being used. — Tr. 
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stream of minute bubbles of air should pass through the boiling liquid ; 
these are introduced by means of a glass tube drawn out to an extremely 



fine capillary (Fig. 4). The flask may be heated either directly or in 
an oil-bath. When it is heated directly the buiaier must he held in 
the hand and the flame moved round and round tli(‘ flask about tlu^ 



n 



8 . 


level of the liquid ; it must never be placed imin(‘dial(‘Iy heneatli the 
flask. 

One frequently needs to take off several fractions without breaking 
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the vacuum. For this purpose a variety of devices are available, one 
of which is depicted (Fig. 5). Bertrand’s tube is another alternative. 

If it suffices to separate two fractions only, a useful piece of appa- 
ratus is that shown in Fig. 4, and separately in Fig. 6. 

Distillation per aseensum or under Reflux.— In distilling under reflux 
the vapour from the boiling liquid is condensed by a condenser fitted 

above the flask and is constantly returned 
to the latter (Fig. 7). This arrangement 
of apparatus is in everyday use in an 
organic laboratory, bc-ing, in fact, more 
frequently used than any other. 

Maybe it is necessary to introduce a 
liquid or a gas whilst reflux distillation is 
proceeding. In this case the c;ork carry- 
ing the condenser is pierced with a second 
hole to take either a, leading tube for gas 
or the stem of a dropping funm-1. A better 
plan is to use a specially dc;signed a])para- 
tus, such as that shown (Fig. 8). Many 
processes can be carried out in an arranvo- 
ment of this kind. 

On an industrial scale, aj>paratus for 
stirring the liquid, introduction of li<iuid,s 
or solids, reflux distillation and distillation 
per dcscenmm using the sanu' eondenser, 
are all combined in the one plant. (Fig. <))" 
Di.stillation under reflux may be adai)lcd 
to the extraction of soluble components 
of jjoAvdered suhstanees, or of aetiva' 
principles from vegetable or. -miimd matter. 
Extraction takes place in a special apj)ara- 
tus set between the llask and the condcn.ser 
(Soxhiet, Vigrenx). 'file powder, con- 
tained in a thimble (d' liller-paper, is Ihns 
continuously subjected to the ;ielion of 
fresh .solvent, and the extract is drawn 
off automatically at regular intcmals by 
means of a ,si])hoii and returned to the 
llask (Fig. tOj. 

-A jnirc substance may ollen b(! S(:|)aral,ed 
' •><' P>’<>l>erly, posse.ssed by 
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Distillation in Steam. ^ 

from a mixture by taking advantage of 

many compounds, of being volatile in steain (t^;^, ^m'u'i mX'm 
big. 11 shows the arrangement of apparatus used. The flask 
should be .set considerably aslant so as to iireveid; dro])s of the 

^olently agitated liquid from being splashed Ufi and carried into 
the condenser. 
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For less volatile substances the steam may be superheated by 
passing it through a hot copper worm. 


Purification of Solid Substances. — As volatile compounds are best 
purified by distillation, so solid compounds are best separated from 
one another and purified by crystallisation. 
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a little [2^ or 3°), and then another capillary tube containing a fresh 
sample of the substance to be tested should be introduced and a 
second observation made. In this way one may avoid erroneous 
results ; many compounds melt at a lower temperature than they 
should do if they are heated up slowly. The bloc Maqxienne is a con- 
venient piece of apparatus for use with substances of high melting 
point or for carrying out a number of determinations one after the 
other. 

Agitation. — If a flask is to be shaken during any process, the best 



ID. 


machine to use is Grignard's agitator. This piece of apparatus is 
particularly useful in carrying out the reaction called after that 
celebrated chemist (Fig. 15). 

Either a reciprocating horizontal (Fig. 10), or a rotating vertical 
(Fig. 17), shaking macliine may be used for shaking bottles. 

Finally, what is most frequently needed is a contrivance for agitat- 
ing a liquid in a faxed vessel, such as a beaker or bolt-head. Here 
there are two cases to consider, as the system may be cither open 
or closed. The first of these alternatives is satisfied by such an 
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arrangement as that depicted in the figure (Fig. 18) ; this explains 
itself. Either a small water turbine or an electric motor may be used 
as the source of power. In the second case some kind of stuffing box 
or gland is needed through which to pass the shaft of the stirrer. 
Fig. 19 shows a laboratory model of a gland such as is used in the works. 



Fig. 20. 

The same end is served, to better purpose in some cases, by a 
mercury scaled joint (Freundler), as is shown in Fig. 20. 

Such arrangements of apparatus as are most frequently used in 
organic chemical preparative work have now b(*en described. It 
goes without saying that they may be altered and adapted in in- 
numerable ways. 

RECOMMENDATIONS TO BEGINNERS 

I. In carrying out any chemical preparation proceed as follows : 

(1) Write down the equation for the reaction and reckon out how 
much of each substance to be used is needed ; 

(2) Fit up the apparatus ; 

(3) Weigh or measure out the materials. 
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The only comment that need be made on the first point is that 
usually an excess of one or another reagent must be used. For 
example, to improve the yield in an esterification, more alcohol or 
acid may be added. The chief consideration here is that of cost. 

The second point has just been discussed in detail ; there only 
remains, therefore, the third point. Too great emphasis cannot be 
laid on the need for care in using balances and weights, or, indeed, any 
measuring apparatus. It will be found useful to liave the following 
rules posted up near the balances : ^ 

(1) Do not weigh out any substance directly on the balanee-pan, 
but use either a sheet of paper or some kind of container ; 

(2) Return the weights to the box after use ; 

(S) Keep the balance and its neighbourhood rigorously clean. 

Similarly, for reagents and other substances, students should 
observe the following precepts : 

(1) Return all materials to the appropriate shelf or store when they 
are done with, having wiped or dusted the outside of the bottle or 
tin ; 

(2) Do not forget to replace stoppers in bottles ; 

(8) Do not put back an empty reagent bottle ; cither ndill it your^ 
self or tell the laboratory assistant to do so. 


II. Order, cleanliness, patience : these should be the ehied.’ eharae- 
teristics of the chemist, or, at any rate, those which h(‘ can ac(iuir(\ 
Make it a rule, every evening before leaving tluj laboratory, (o 
devote half an hour or more to tidying up your Inaieh, straiglilriiing 
up the reagent shelt, writings up your lahoralory note-hook, lalx'lling 
the products you have made, and so forth. ... 


Do not drop bits of paper, match-ends, or any sort of liquid on i h(‘ 
floor. Do not waste gas or water. 

Try and keep the laboratory like a drawing-room. Moissan, oik' 
of the cleverest laboratory workers who ha.V(‘ (‘vc-r livcal, uscal (o say 
that the chemist’s ideal was to be able to work, and not dirty hin)s(b; 
in his jacket, linen collar and best shocks, on a, polislual lloor. 


III. Of accidents, the most to be feared is fire. A lire may (nsily 
be caused by sodium or inflammable liquids, or by somc^ mishap to 
the gas supply, or may break out in various other ways. 

Now that yellow phosphorus is hardly ever used, sodium is th(‘ 
most dangerous substance to luuulle.^ Residual scraps of sodium 
should be kept either under kerosene or in a tin box (not too ti^ditly 
closed), duly labelled. When, say, forty to fifty grams has^thus 

^ Nowadays sodamide should bo added to the list. 
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accumulated it should be thrown little by little into waste alcohol in 
a dish ; it will dissolve without either flame or explosion. 

Care should be taken to avoid heating a flask containing sodium 
as one reagent on a water-bath, and to have the bench on which 
sodium is being handled quite dry. If a piece inflames in spite of 
the precautions taken, sand should be throvm on it, inflammable 
liquids cleared away, and the operator should stand back to escape 
any explosion. 

For combating fire in general, each laboratory should have its owm 
regulations and provisions. The first step in every case should be to 
turn off the gas. Sand or water, according to the nature of the burn- 
ing material, should then be thrown on to the fire. A plentiful supply 
of sand should always be within reach, with a scoop for handling it. 

Some chemical operations are of a particularly dangerous nature — 
for example, nitrations, the preparation of hydrogen and of oxygen 
the heating-iip of autoclaves, the use of certain gases. . . . No 
matter what precautions are taken, accidents will sometimes happen, 
and with beginners constant vigilance is necessary. 
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PREPARATION OF GUAIACOL 

Nitration—Methylation— Recluction— Biazotisation. 

1. Nitrophenol. 

2. Methyl iodide. 

3. Nitroanisole, using either methyl iodide or methyl sulphate. 

4. o-Anisidine. 

5. Guaiacol. 

6. Guaiacol carbonate. 

7. Potassium guaiacol sulphonatc. 

1. Ortho- and |?rtm-Nitrophenols. 


( Nitric Acid, sp. gr. 1-34 . . . ICO grn. 

^ i Water 120 „ 

f Phenol (molten) . . . . 80 „ 

^ 1 Water 10 „ 


Make up the solution A in a litre flask and cool il in a, balh of ic(‘ 
and water to Add, little by little, during about tlir(‘('-([uart('rs of 
an hour, the mixture B, which sliould be h()ni()g(au‘()us. A dark 
brown coloration will develop. Keep th(‘ t(‘in])('ra( un^ l)(‘tw(‘(ai 
5° and 15°. Leave for tlirce hours, shaking from tini(‘ lo linu', (Ihmi 
pour into 500 e.c. of ice and water. Descant off tli(‘ axpu'ous upjX'r 
layer at\d wash the tarry mass by d(‘eantal ion (hr(‘e tinx's with about 
50 e.c. water. Steam-distil. Watch llu‘ eomhaiscu' and lain as lil(l(‘ 
water as possible through, for if it b(‘ loo cold, th(‘ coiahmstal e-nil ro- 
phcnol may plug it up. Continiu' tlu* disl dial ion uid il a saniph' of 
the distillate gives no crystalliiu* s(‘paral ion on cooling.* When I lu^ 
distillate is cold, filter off th(‘ crystals, wash wilh a lillh' waha* and 
dry on filter paper. M.p., 45°. Aiitd : 25 gm. 


Another Method. 


Sulphuric acid, sp. gr. 1*84 . . . 100 gin. 

Water ...... 200 ,, 

Sodium nitrate . . . . . SO ,, 

Phenol . . . . . . 50 ,, 

Water . . . . . . 10 ,, 


Run the sulphuric acid into the water, add th(‘ sexlium nilratn, cool 
and add the mixture of phenol and watca-, observing the same pre- 
cautions, and complete as above. Yield : 20 gm. 

^ Preserve the still residues; they c::)ntain the /;-nitn)j)henol. 
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2 . Methyl Iodide. 
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5CH3OH -1- 51 + P = 5CH3I + 


A. Using phosphorus and iodine, 

H3PO, + H2O. 

Red phosphorus 



Methyl alcohol . . ^ ^ 30 

Apparatus Tubulated retort connected with a two-necked receiver 
unmeraed m ,ce-bath , intheaecond neck ot the receiver is fitted a 

t lass tube, the end of whicli dips into iced water (see Fio- 21 ) 

Put the phosphorus and the alcohol in the retort and add“the iodine 
(pre\ lously powdered) in small portions during an hour. Set by for 
tweh-e hours, then distil. Wash the distillate with a little ^iced 



Fic. 21. 


.sodiuiu hydroxide (10% solution) and dry o\-er fused ealeium chloritle. 
Redistil, h.p., 43°-44'\ 

Caleiilated yield : j'roin 100 o-ni. iodine, 110 oin. inethyl iodide. 

Actual yi(‘Id ; 90 gni., /.c. <S1 

B. Using nietlujl sulphate and sodium iodide. 

In tiu' ndort (apparaius as above), ])lace a solution of sodium iodide* 
(15 .ii'in.) in water (50 e.e.), warm to 90", and add throuoil a dropping 
Innnel nK'tliyl su}phar(‘ (15 .i>'m.), reo'ulatini'- the addition ])y tlie rate 
at which metliyl iodide distils over. AVIum all is added, raise to the 
boil for a minute or so. Yi(‘id ; 90'*, j. 


S. o-Nitroanisole. 

A. M ethylation of o-niirophenol. 

o-Nitrophenol (as sodium salt) may be methylated by treatment 
with eithc*r methyl chloride or iodide under pressure (autoclave), with 
or without the addition of methyl alcohol, but the most convenient 
method for laboratory use employs methyl sulphate. AVith this 
reagent, methylation may be carried out in the cold if an excess be 
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used, whilst, if the temperature be raised sufriciently, almost the 
calculated amount will serve. 

When the reaction takes place at low temperatures, the methyl 
sulphate loses only one mctliyl .i^roup mid sodium methyl sulpliate'is 
formed, thus : 

C,H,(N02)-0Na + SQ.^OCII^), - C6ll4(NOo) 0(dl3 | CII.O SO. ONa. 

As the operation is carried out in aqueous solid ion, tlu' sodium 
nitrophenoxide is actually jiartly dissoeiahul inlo caustic soda and 
free nitrophenol : 

C6H4(N02)-0Na, + IIi,0 -- NaOII I 
The caustic soda acts on the methyl sulpha I (*, ^•■ivin^»- mel hyl a lcohol 
and sodium methyl sulphate. Mor(‘ soda and more uu'l hyl sulphate 
must therefore he added. It follows, thcrefoiv, that il is h(‘st to use 
coneentTated caustic* soda, so that l(‘ss of llu* nil ropheuoxide can 
become hydrolytically dissociated, and to add it to a mixture of 
methyl sulphate and the nitrophenol. 

At higlier temperatures, l)oth nut hyi .i>‘i‘ou|)s of ( Ik* nut hyl sulphate 
take part in the reaction, theoretically at any rale. In praclicn*, a, 
loss arises through the IV)rmation of nut hyl alcohol. 4ti(‘ naietioii 
takes place in two stages, thus : 

RONa h S().2((K'ir.d.. ('ir.O SOyONa | ('ll, OH > 
CILjOSO^-bNa I RONa Na.>S(),, | ('n,()U. 


NitrojilK'Uol (j)owd(‘n‘d) . . . l t om. 

Methyl sulphate* ..... IlJ-i; ,, 

Caustic soda, sp. or. !•;{;} . . . l<St),, 

Mix the nitrophenol and llu* nut hyl sniphal e, cool in an ire hath, 
stir vigorously, and add t lu* eauslie soda droj) hy di'op. A red pnaapi- 
tate forms as (‘aeh dreq) is added and soon I he ii( piid hey ins (o I hi(t<(‘n. 
Stir for one hour, then keep at tlu* boil for four lionrs. Pour inlo 
50 e.e, wal('r and (*xlra(t wilh (‘llier. W'ash lhe<thereal < \lra(t wilh 
alittk* lO'X, causli(‘soda and dry o\ ('r aidiydrons |)olaNsiiim eai honah*. 
Remove the eth<‘r and dislil llu* n'sidne in vdcutK H.p. ahoul (>() ' at 
12 m.m. pressure. V'lvUl : 15 ym. 

B. Direct nitratiou of an i sole, n.sinif (ircljil nitrate, 

(This preparation should nol lx* carri<‘d out by heyinners.) 

Acetyl nitrat(‘ is nunh* as Ibllows : Nilrie anhydriih*, prepared by 
interaction of fuminy nilrie acid and jihosjihorns penloxiih' (sea* 
below), is mix(‘(l wit h an (‘(pial volunu* < t’ ae(t ie aidiydridc. Solution 
takes j)lace without not(‘Worlhy ris(‘ in t emju'ral una The mixture is 
distilled under diminislual jinassure. The prodiut has h.p. 22" af, 
TO m.m. ; sp. yr. T2I/15''; it is <‘asily dei’oniposed by moisture, and 
should be kept in W(tl-stop|)er(‘d holthss. 

^ It plxaiyl ratiral. 
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To anisole, cooled in a freezing mixture, add, carefully, a molecular 
proportion of the above product. Leave for three hours, pour into 
water, collect the nitroanisole, and fractionate under diminished 
pressure. Yield: 90% (Pictet, 1907). 

Preparation of Nitric A nhydride {Nitrogen Pentoxide). 

Nitric acid (sp. gr. 1*5) is mixed with twice its weight of phosphorus 
pentoxide. A little heat is developed. The mixture is slowly distilled 
and nitrogen pentoxide crystallises in the receiver. 


4. r;-Anisidine, C 6 H 4 (OCHy)NH 2 . 


Reduction of nitroan isole. 
Nitroanisole , . . . 

Water ...... 

Fine iron filings . , . . 

Plydrochloric acid, sp. gr. 1T6 


80 gm. 
100 c.c. 
100 gm. 
10 „ 


Mix, in a flask, the nitroanisole, water, and iron filings. Add the 
hydrocliloric acid little by little. Stir as vigorously as possible for two 
hours. Heat is evolved, but the mixture need not be cooled unless the 
temperature rises above 60'^. Leave for a day, sliaking occasionally. 
Make alkaline with sodium carbonate and extract with ether or 
steam distil. Yield : 62 gm. B.p., 225^-220'^. 


5. Guaiacol. 


Diazoiisation of anisidUie, replacement of the amino hy the hydroxy group. 


j Anisidine ..... 61 gm. 

A Sulphuric acid (50%) . . . 140 ,, 

I Ice and water . .... 400 ,, 

( Sodium nitrite . . . . 85 ,, 

i Water 100 c.c. 

( Copper sulphate, cryst. . . . 140 gm. 

C ' Water 140 c.c. 


Make up the solution A in a thick-walled beaker or crock and cool 
it in a freezing mixture of ice and salt. Stir it meclianically and run 
in slowly the solution Time : al)out one hour. Temperature : 

0°-5'k While the diazotisation proceeds, lit a 1,500 e.<*. llask with a 
cork, carrying (a) a dropping funnel, (b) a steam inlet pipe running to 
the bottom of the flask, and (c) a bent tu]3e connected with a good 
condenser. Make up C in the flask and heat it to boiling, then, 
passing steam meanwhile, run in the diazo solution as cpiiekly as tlie 
frothing will permit. Continue the steam distillation until the 
distillate has no appreciable odour of guaiacol. Collect the distillate, 
add enough common salt to give a saturated solution, and extract with 
benzene. Dry the extract over anhydrous sodium sulphate. Distil 

1 Ahvays test for complete diazotisation bv spotting ” on starch-iodide paper. 
—Tr. 
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off the benzene and fractionate the oily residue. Redistil, collecting 
that which boils between 175° and 203°. Yield : 35 gm. 

Instead of copper sulphate a mixture of the following composition 
may be used (for 61 gm. anisidine) : 


Sulphuric acid, sp. gr. 1-84 . 

550 gm. 

Anhydrous sodium sulj^halc' . 

400 „ 

Water ...... 

300 e.e. 

6. Guaiacol Carbonate. 

Guaiacol ...... 

50 giu. 

Caustic soda (N solution, 2 mol. propor- 

tions) ...... 

404 e.e. 


Phosgene.^ 

In a flask fitted with leading tubes and a (lr()j)ping funnel eool the 
solution of guaiacol in caustic soda to O'". Pass phosgcaie into the 
liquid until 20 gin. (1 mol. proportion) has liecai absorbed. Run 
in through the dropping funnel a further molecular proportion of 
caustic soda (202 c.c.), and again pass phosgiau' (10 gm. mon*). The 
oily precipitate whicli separates soon crystallis(‘s. Shak(‘ from tinu‘ 
to time for a day and a half. Filter off tlu^ whi((‘ eryslals and wash, 
first with dilute caustic soda, then with wab'r; dry on bltia* pajx'r. 
Recrystallise from spirit : silky needles, ni.p., (S<S"- 00". \'i(bl ; 51 gm. 

7. Potassium Guaiacolsulphonate. 

Guaiacol . . . . . .SO gm. 

Sulpliuric acid, sj). gr. I -S i . . . SO ,, 

Mix and heat in a, wat(a--l)al li at SO for six hours. Poui' into 
500 c.c. water in a iarg(‘ basin. Add barium earbonal(‘ until no mor(‘ 
effcrvx'seenee takes [ilaccx Filt(‘r. Add to tlu^ tiltratc' a eone('nt ral('d 
solution of potassium carbonate until all barium is pr('eij)it at (al, 
avoiding any excess. Filter, evaporate th(' li(jU()r until it will erystab 
lise on cooling. Reerystallise t lu' jiroduet from acjueous ah'ohol. 

^ riioagene, in the form of a Holiilioii in IoIikmk', is on j li(> nim-lo'L 'PIk* pliosL^tou' is 
given off when the Hohition is vvarnKid from .‘iO" lo 1)0 '. .APonl 120 c.c. of th(' solnl ion 
will furnish 30 gun. phosgene. (Oomi)ress(>(I ph()sg<'n(‘, in (^ylimho's, can also ho 
obtained. — Tr.) 
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PREPARATION OF PHENACETINE 

Phenacetine is prepared either by acetyiatiiig pheiietidine or by 
ethylating p-acetylaminophenol, the former being the better method. 

Phenetidine ma}^ be obtained either (1) by reducing nitrophenetole 
or (2) by reducing p-azophenetole ; nitrophenetole either (1) by 
ethylating nitrophenol, or (2) by treating ^-bromo- (or 2 >-chloro-) 
nitrobenzene with sodium ethoxide. 

p-Acetylaminophenol is produced either (1) by acetylating amino- 
phenol, or (2) by heating the diazo compound from j;-aeetylami no- 
aniline (acetyl"p-phenylenediamine) with dilute acid, p- Ami nophenol 
is obtained by reducing the nitrophenol. 

Method I : 

p-Nitrophenol — o- and p-Bromonitrobenzenes — ^])-Nitrophene 
tole — ^ 2 ;-Phenetidine. 

Method II : 

p-Phenetolcazophenol — p-Azophenetole — p-Phenetidine — 
Phenacetine. 

Method III: 

p-Aminophenol — ^];-Acetylaminophenol — Phenac(*tine. 

Other intermediates ■needed : 

Acetyl chloride, acetic anhydride, ethyl bromide. 

METHOD I 

Preparation of nitrophenetole. To be com])leted })y reduction as 
for p-azoj^henetolc, and actdylation. 

p-Nitrophenol 

The still residues trom the preparation of c-nitrophenol (see preced- 
ing 2 ^reparation) contain p-nitro})henol as a black mass. This may 
be 23urificd as follows : 

Decant off the aqueous layer and treat the black tar with boiling 
15% hydrochloric acid. Decant off the hot solution, decolorise 
with bone-black, filter and leave to crystallise in a cool jdace. It is 
best not to try to dissolve all the p-nitrophenol at once, but to treat 
the mass several times with the solvent until no further extraction 
takes 2 :>lacc, i.e., until a little of the extract gives no crystalline separa- 
tion on cooling. Another method is to treat the black mass with the 
least possible amount of warm dilute (5%) caustic soda solution, filter, 
and 2 :>recipitate the sodium compound of the p-nitrophcnol by adding 
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a great excess of concentrated caustic soda to the filtrate — the 
phenoxide is only sparingly soluble in strong caustic soda solution. 
The crystals obtained may be purified by dissolving tliem again in 
water and reprecipitating with caustic soda, or the frec^ nitroplienol 
may be separated by precipitating with hydrochloric acid. 

For the tarry mass derived from the nitration of 80 gm. phenol 
125 c.c. caustic soda (5%) will serve for the extraction, and 00 gm. 
(about 43 c.c.) of more concentrated (30%) for th(‘ precipitation. 
Recrystallise the p-nitrophenol from boiling watca*. It will form 
almost colourless long needles, m.p. 115°. 


Nitrophenetole 

j9-Nitrophenol 

Sodium .... 
Etliyl bromide . 

Alcohol (absolute) 


20-() gm. 
3-3() „ 
Ki-O ,, 
lOO-O ,, 


Fit a 500 c.c. flask with a good rellux condenser and introduce* the* 
alcohol, then the sodium (in small pieces), and wluai the* sodium has 
dissolved, the p-nitroplienol and the ethyl bromide*. Roil unele‘r 
reflux for twelve hours. C’aiTfully distil ehT me)sl e)f the‘ ale-ohol, aeld a 
little dilute caustic seKla and take up the e)il in ether. Wash (he* 
ethereal solutiem again with elilute eaiustic soela, and with wate‘r, dry 
over fused calcium chloride, and distil off the* ('the*r. Ih'crysl allise 
the residue from aqueous alcohol (70%). ‘ M.})., (iO ' ; b.ji., 

Yield : 16 gm. 

If the reaction mixture* be heateel at I IO ' in a sailed (ulx* for (hre'e* 
hours insteael of be)iling as above*, 1!) gm. or H]% ol’ ( Ik* t h(‘or(*l ienl 
yield is obtaineel. 


.4no//^crna’//a)e/nifiy he'nie‘re*ly re*e*all^ to mind, as (Ik* manij)ulat ion 
is not without, risk. In this, p-hromonit r()l)(*n/.(‘n(* is h(‘ai(‘d with 
sodium ethoxiele in ale*e)holie* se)lulie)n. If eonec'id rate'd soliif ions in 
strong spirit he e*mple)yeel, the whole j)re)due*t is dihromoa/.ox yhenzeiK* • 
to obtain nitre)phene*tole*, one must elihitt* the* (‘Ihyl alcohol with its 
own volume of water. 

Acetyl Chloride 

1\%+ SClIyCOJI ;KdI.y('(K I n, !>(),. 

Acetic acid (glae*ial) .... 125<'’m. 

Phos])horus trichloriele* . . . <)5 

lit a elistilling flask with a thermome‘te*r (to elip into I he* Ii<[uiel) anel 
a dropping funne*l. Connect it with a, e*onde*nse‘r. Mix I Ik* ae*e*tic 
acid anel phosphorus trichloride in the* llask, cooling na'anwhih*, anel 
keep at 40^-50° until two layers se'parate*, say for tw(*l\'e* to fifteen 
•houTsv -Distil from a water-bath. Fractionate* the* elistillate, ce)lle‘ct- 
•ing that, which distils from 45° to 55° ; again fractionate, collecting 
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between 50° and 55°. Finaily rectify again over 4 gm. recently fused 
sodium acetate. B.p., 55°. Yield : 95 gm. 

Other methods are represented by the following equations : 

PCI5 + CH3CO2H - CH3COCI + POCI3 + HCL 

PCI 5 + 3CH3C02Na = 8CH3COCI + NaPOg + 2NaCl. 

POC 13 + 2 CIl 3 COoNa = 2 CH 3 COCI + NaPOg + NaCl. 

SOCI2 + CH3CO2H = SOo + HCl + CH3COCI. 


Acetic Anhydride 

16 / Method : CIIg-COgNa + CHg-COCl - (CHsCO)^ + NaCl. 

Sodium acetate, recently fused/ j^owdered . . 60 gm. 

Acetyl chloride . . . . . - . 50 ,, 

Place first the sodium acetate, then the acet}’’! chloride in a tubu- 
lated retort. Cool the retort with winter as the action becomes vio- 
lent. When it has moderated, stir up the mixture with a glass rod, 
arrange the retort for reflux distillation, and heat on the water-bath 
until volatile liquid is no longer seen to be condensing. Lower the 
condenser and distil the mixture from an oil-bath, taking the tem- 
perature up to 170°. Rectify over 5 gm. fused sodium acetate, 
collecting the fraction, 130°~142° : redistil and collect from 135°- 
140°. B.p., 138°. Yield: 30 gm. 

2nd Method : 

4 CI-l 3 C 02 Na + POClg = 2 (CH 3 C 0),0 + NaP 03 + 3NaCl. 

Sodium acetate, recently fused . . 66 gm. 

Phosphorus oxychloride . . . 30 ,, 

Run the phosphorus oxychloride, drop by drop, on to the sodium 
acetate'. Much heat is developed. When all is added, heat on the 
water-bath for lialf an hour, then in an oil-bath at 180°-210° for four 
hours. Distil undc'r diminished (at first not too low) pressure. Re- 
distil the product under atniosplieric pressure, \ield: 30 gm., 
boiling from 132^ to 138 ". 


Ethyl Bromide 


16/ Method: 

C ^HsOH + KBr -f ILSOj- - 
Sulphuric acid, sp. gr. l'S4 
Alcohol (95%) 

Potassium bromid<‘ 

Water 


C/I/lr + KlISO, + IloO, 

. 200 gm. (110 e.e.). 
. 110 
. 100 ,, 

75 e.e. 


Fit a 1,500 c.c. flask and condenser for ordinary distillation. Intro- 
duce first the alcohol, then the sulphuric acid. Allow to stand for 
three hours ; then add the potassium bromide, dissolved in 
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Heat quickly. The receiver should contain 50 c,c. water, into which 
should dip the end of a bent adapter fitted to the condenser, and 
should, moreover, be cooled in ice. Wash the produ(*t, a licavy oil, 
with dilute potassium carbonate solution, dry over ealeiuni chloride. 
To purify from the ether formed as a by“])r()diiet, tre^at with 10 c.c. 
strong sulphuric acid, keeping cold mea.nwliil(‘. Distil. B.j)., ;3<S' - 39 °. 
Calculated yield, from 100 gm. KBr : 90 gm. CoTI^Br. Aeiual yield: 
70 gm. 

2ad Method : 

Phosphorus (red) . . . . . 10 gm. 

Alcohol ...... ()0 ,, 

Bromine . . . . . .20 c.c. 

Fit a 300 c.c. distilling ilask with a dropping funnel and good con- 
denser. Introduce the alcohol and the ])hosj)horns, t hen the bromine 
drop by drop, keeping the mixture cold by imni(n*sing tlu^ llask in cold 
water. Leave for five hours. Distil from a wnter-hat li and finish as 
above. If the product has a brown colour, wash it witli a little sodium 
carbonate solution. Yield : CO gm. 

0 - and ^^Bromonitrobenzene 

Bromobenzene . . . . . ir)gm. 

Nitric acid, sp. gr. l- t 2 . . . .15 c.c. 

Sulphuric acid, sp. gr. 1-84 (=r. jos ' 4 'w.) 15 

Cool the mixtur(‘ of the two acids to —5“ or 10 , slir or shaken 
vigorously and add tli(‘ hromohenzene slowly in small porlions. 
Warm gently to e()in])l(‘t(‘ I h(‘ nsielion. Pour inlo waler. D('eant 
the aqueous layer from the eryslalline mass (I!) gm.). Heerysl allis(‘ 
from 50% alcohol. Th(‘ p-isonK'ri(l(‘ s(‘j)arales almosi eonij)l(‘| (‘ly 
(m.p., 125'"), and the or/ho may he reeove'resl from the mol her li<juors 
(m.p., 40"). Yield : 97*7%, viz., 14 gm. /mru and 2-5 gm. or/ho. 


METHOD II 

DIazotisation of plieneiidiiK'. (nupling wilh j)henol. Flhylalion, 
Reduction of p-azophenetole. Ae(‘l.yla.l ion. 


p-Phenetoleazoplienol 
/ Phenetidin(‘ .... 
A Ilydroehloric acid (20"^J. 

I Wat(‘r . . . ' . 

-j. I Sodium nitrite' 

(Water . . . , ’ 

I Phenol ..... 
Cj Sodium carbonate (anhydre)us) . 

I Water .... 


27-1. gm. 
75 

100 e.e. 

1 t*0 gm. 
too e.e. 
19*0 gm. 

700 (‘.e. 
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Make up solution A in a litre beaker or mug and cool it to 5° by add- 
ing crushed ice. Run in solution B, with good stirring, slowly, so as 
to prevent nitrous fumes being evolved. Stir the completed diazo 
solution for a few minutes and then pour steadily, with stirring, into 
solution C, which should have been already cooled to 0°. The azo 
compound is precipitated forth'with as a tarry mass. Transfer a 
little to a test tube, add a few drops of ammonia, and grind with a 
glass rod for a short time : the mass becomes yellow, granular and 
crystalline, and by adding it to the rest of the product, the whole is 
obtained in this form. Filter off, wash with water and dry on filter 
paper. Yield : 40 gm. 

A sample of this yellow product may be purified by recrystallisation 
from benzene (seven times its weight). It then forms brilliant 
spangles, easily soluble in alcohol and ether, sparingly in water, 
m.p., 124*5°. 

p-Azophenetole 

C2H50CeK,N2CeH40C,H5. 


p-Phenctoleazophenol . . . .10 gm. 

Alcohol . . . . . . 50 ,, 

Sodium . . . . . . 1*2 ,, 

Ethyl bromide . . . . . 0 * 0 ,, 


Dissolve the sodium in the alcohol in a 125 c.c. flask fitted with a 
reflux condenser. Add the phenetoleazophenol and the ethyl bromide. 
Allow to stand without heating for tweiity-four hours, then boil under 
reflux for six hours. On cooling the 2 ?-azophenetole crystallises out. 
Filter it off viid wash with water. Reerystallise from benzene. 
Sparingly soluble in alcohol, hot or cold, and in cold benzene. Orange 
scales, m.p., 100°. Yield : 9 gm. 

Phenetidine 

Heduetion of j^-azophenetole by stannous eliloride. 

(i) Preparation of the reducing agent : 

Tin ....... 20 gin. 

Ilydroeliku'ie aeicl, eoneeiitralrd . . 100 e.e. 

Pour over the tin at first only one-third of the liydroehloric aeid. 
When no further evolution of gas takes place, add another one-third 
and a few drops of 1% solution of platinie chloride, then the rest of 
the acid. Do not leave the solution exposed to the atmosphere. 

(ii) Reduction : 

p-Azophenetolc . . . . .10 gin. 

Alcohol . . . . • • 0 ,, 

Add to the mixture, all at once, 50 c.c. of the stannous chloride solu- 
tion. Shake and warm on the water-bath until all is decolorised and 
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in solution. Cool (in an ice-chest or with ice). A copious crystalline 
separation forms. Filter this off. Treat it with caustic soda in 
excess. The crystals are those of a tin double salt, and when caustic 
soda is added hydrated tin oxides are at first precipitated and then 
dissolved by the excess of soda while the phcnetidiiie separates as an 
oil. Caustic soda must therefore be added until the oi i y 1 1 j )} s' layer no 
longer increases in bulk. Take this up in ether, dry ox ca* aiiliydrous 
potassium carbonate and complete as usual. B.j)., 195''" 200'^. 
Yield : 7 gm. 

Azophenetole may also be reduced with sodium Iiydrosulphite, 
phenylhydrazine, <^tc. 

Phenacetine 

Phenetidine . . . . . . h'^gni. 

Water . . . . . . .50 e.e. 

Acetic anhydride . . . . . b‘5 gm . 

Shake all together vigorously. Almost imuKaliately a, solid 
separation forms. Filter off and reerystallise iVom aljout (K) e.e. 

alcohol (30%) or from about (SCO e.e. wahvr. M.])., 131" 137't 

Phenacetine is soluble in a})out 80 parts of boiling wat('r. 


METHOD in 


Ethylation of ^^-acetyhiminopluaiol. 


^J-Aminophenol 

j%-Nitro 2 )h(‘nol ..... 13*0 gm. 

A ■ Ammonia (sp. gr. 0-<S8()) . . . 50 e.e. 

I Water 50 ,, 

, / Ferrous sulpha ((‘, erysl . . . . l!)5 gm. 

i Water ...... 1-50 e.e. 


The procedure rc‘sem])l(‘s (‘xaelly I fiat for aminolxar/oie acid {({.v.). 
Concentrate the licpiors (o a quarU'r of lluar original \'oIiim(\ cool iu 
the iec-ehest, filt{‘r off th(‘ product and wash it wilh a hi It* waha*. 
Yield : 8 gm. Recrystallise from tlu' kaisl possibh' amouiif ol* \val(‘r 
(about 20 c.c.). M.p,, 184'^. 


p-Acetylaminophenol 

j;-Aminophenol, crude j)ro(Iuet powdt'rcd . S gm. 

Water 20 c.c. 

Acetic anhydride . . . . . 8 gm. 

Add the acetic anhydride little by litUv to llu* a([u(‘<)us suspemsion 
of aminophenol. Solution takes place'. ContiuiK' shaking for a 
minute or so, then cool under the lap. Tht' iwvlyl d(‘ri vai i v(' sc'parates 
almost quantitatively. Filter it off and reerystallise from 50 e.e. 
water. Yield : 8 gm. M.p., 169''. 
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Phenacetine 

^-Acetylaminophenol . . . .7*0 gm. 

Alcohol ...... 25-0 „ 

Sodium . . . . . . l-25„ 

Ethyl bromide . . . . . 6-0 „ 

Dissolve the sodium in the alcohol, add the acetylaminophenol and 
the ethyl bromide ; leave for three hours, then boil for an hour under 
reflux. Filter, evaporate off the alcohol. Crush up in water and 
filter. Recrystallise from 30% alcohol. Yield nearlj^ quantitative. 
M.p., 137°. 
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PREPARATION OF ACETANILIDE 

CJI^NHCOCn^. 

This preparation entails those ot nitrobeir/ene and aniliin^. 

Nitrobenzene 

Nitric acid, sp. gw 1-43 . . . .21 ^ni. 

Sulphuric acid, sp. ,cfr. 1*84 . . . 22*5 ,, 

Benzene . . - . • . 22 ,, 

Mix the two acids in a, beaker })laced insid(‘ a small dish. Stir 
vigorously and add the benzene, drop by drop, IVoin a, small separating 
funnel. Allow the temperature to rise to 50‘" and ke(‘j) it bol w(‘(‘n 50'^ 
and 55° by running a, little wat(‘r, as in^c^dcal, into the outer dish. 
When all the benzene is added eontiruu' llu' agitation for a lew 
minutes, then set by for two hours. S(‘])arat(‘ tlu* oily nil robcmzcau^, 
wash it first with water, then with very dilute^ sodium carbonate solu- 
tion, until it is free from acid. Dry ov(‘r (‘alcium chloride^ and distil 
under diminished j)ressurc, taking car(‘ nol lo carry I he dislillation 
too far. B.p., 95°/17 m.m. Yield : 28 gm. 

Aniline 

l.s*/ Method ofreduc/ioii : 

Nitrolxar/ene . . . . . 22 gm. 

Iron filings . . . . . . 22 ,, 

Hydrochloric acid, conccnl ral (‘(1 . . 2*5,, 

Water ....... 50 c.c. 

Mix tlu‘ nitrolxsizeiH' and llu' iron lilings in a llask wild si on! walls. 
Shake or stir vigorously and add I la* liydi'ochloric acid, diluh'd wilh 
the water, in tlirc'c or four j)orlions. TIk' livaty i'('ac(ion will carry 
the temperature up to aboul 70", and llu' mix! nn' should lx* coohal if 
it becomes hott(*r than (his. WIhoj 1 Ik* nsaclion is c()mj)lcl (*, add 
25c. e. water, and tlum, gradually, and wilh caia*, .5 gm. sodium car- 
bonate. Steam distil: (‘xlract lh(‘ anilim^ from llu' dislillah^ wilh 
ether. Dry the ('Xtract ovea* aidiydrous polassium carbonaha Distil 
off the ethca’ and fractional (‘. Ikp., I<S3 185 . \'i(‘ld ; 17 gm. 

2iid Method of ^'ed>uct ion : 

Nitrobcmzcau^ . . . . .25 gm. 

Tin, granulal(‘d ..... 50 ,, 

Hydrochloric acid, conc(‘nl rah'd . . 130 ,, 

Put the nitrobenzene and about half lh(‘ (in in a 500 c.(‘. llask and 
add about 15 gm. hydrochloric acid. In a lew minubvs a vigorous 
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action will begin. Cool under the tap until the effervescence abates, 
then add more acid. Continue the addition of acid and tin in this 
way until the action becomes sluggish ; it will then be necessary to 
warm on the water-bath. When nearly all the tin is dissolved dilute 
with about 60 c.c. water and add 80 gm. caustic soda as a concen- 
trated solution, cooling meanwhile. Steam distil ; collect about a 
litre of distillate, to which add 200 gm. common salt. Extract with 
ether. Dry the extract over anhydrous sodium carbonate and a few 
fragments of solid caustic potash. Drive off the ether and distil. 
B.p., 183°-185^ Yield : 18 gm. to 20 gm. 

Acetanilide 

Aniline . . . . . . .50 gm. 

Glacial acetic acid . . . . . 40 ,, 

Fit a 250 c.c. flask with a cork, carrying a thin-walled glass tube 
about two feet long, the upper end of which should be bent through 
180°, and should dip into a small empty flask. Mix the aniline and 
acetic acid in the flask and boil for six hours, regulating the heating 
in such a way that as little aniline as possible distils off and only 
the water formed in the reaction is collected in the small flask. 
Distil the residue, b.p., 295°, 58 gm. Ilecrystallise from hot water, 
m.p., 112°. 
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PREPARATION OF ANTIPYRINE 


Phcnylliydrazine. 1 
PhcnylmetliylpyrazoJone. ^ 

Phenyldimethy] pyrazolone . 

Phenylhydrazine 

Aniline . . . . . . 50 

Hydrochloric acid, concentrated . .125 ,, 

Sodium nitrite . . . . . »‘17-5 ,, 

Dissolve tlie aniline in the hydrochloric acid diluted with 200 (*.(* 
water, cool with ice, and add the sodiurn nitrite dissolscd in 78(‘.c 
water. When diazotisation is complete^, pour ^^radually into a W(‘Ih 
stirred, ice-cold, 70% solution of sodium sulphite (2^ mol. t)roporl i()ns 
are necessary).'*^ The mixture becomes coloured lirst a, cksur yellow 
then orange, then redder still, and soon sodium diazolKuiznu^sul- 
phonate is precipitated. Add water until almosl all is r(‘(lissoh'(‘(l 
acidify with acetic acid and treat with zinc dust, conliniially slirriiur' 
until the solution is colourless. PiltcT warm and run in gradiuilly iu\ 
amount of strong hydrochloric acid equal in voIuiih' to n (bird of | Jk. 
solution. Phenylhydrazine hydrochloride ervstullis(‘s oul . Fil((*r off 
and press. The mother liquor yi(‘lds a. second ei‘op on eonc(‘u( ral ion. 
Dissolx'c th(‘ salt in tlu* k'ast ])ossiI)k‘ (jiianlily of A\’;ii'm wahu* und 
liberate the bas(‘ by adding causi i(‘ soda. Kxirael willi (‘llaa'and drv 
the extract over anhydrous |>olassium carhoual (x Dislil, eollcelino- 
together that distilling b('l W(‘(ui 2()()'’ and 2I()‘; n'chTy and colka*? 
the fraction 225'"-2 14) Yield : 85 M) gm. 


Phenylmetliylpyrazolone 

PhenylliydraziiK' 100 o,,,. 

Ethyl ae(‘toae(‘tat (‘ .... 125 

Warm together on ihe water-balh for several miinih s ; Ww lirsl 
action results in the separation of waler. (bnliime (o IkuI for (wo 
hours ; the oil turns into a resinous mass, which is (o lx* Irealed wilh 
its own volume of ae(‘ton(‘ and sel fo eryslallis(‘ in IIk' ie(-eh('s(. A 
cake of crystals forms, ('rush up, lil((‘r and wash wilh wa((‘r. .He- 
crystallise from water. M.j)., 127 ". 


y Clf. Hewitt’s (hyaulr. ('kntiiv(d Maui ptdaliuu, l,SU7 (London : WdiiMalonM 
like most other Hnglish text-books of preparatJ ve ory:niiie eli(‘tnis( ry, v(‘s ( lie si annons 
cMonde method of reducing the dmzoiiium salt ; on llu^ nuunifael urin<r seah' however 
the sulphite process is used. —7 V. ‘ n 

2 This may be prepared by hahdng a, solution of the re,|uiHite amount of caustie 
soda, saturating one half witli sulphur dioxide, and adding the other half. Tt\ 
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Phenyldimethylpyrazolone {Antipyrme ) . 

(Methylation of phenylmethylpjTazolone.) 
Phenylmethylpyrazolone . . .50 gm. 

Methyl iodide . . . . . 50 „ 

Methyl alcohol (99%) . . . . 50 ,, 

Mix the reagents and transfer the mixture to thick-walled tubes. 
Seal up ^ and heat at 115'^-125^ for ten hours. Distil off the method 
alcohol under diminished pressure. Dissolve the residue in the least 
possible quantit}’' of water, filter, add caustic soda (30° Be.) gradually. 
The quantity added should be just enough to set free an oil, which will 
collect on tlie surface, and excess should be carefully avoided. 
Separate the oily layer and boil it under reflux for two hours with 
250 c.c. benzene. Decant the solution and evaporate it down until 
crystals wall form on cooling. Cool in the ice-chest. Filter off the 
crystalline separation, w^ash it with a little benzene and dry in the 
air. Yield : 38 gm. 

Antipyi'ine may be purified by recrystallisation from spirit. For 
the 38 gm. crude antipyrine, 20 gm. alcohol (50%) is needed. To 
make the product nearly colourless it wall be necessary to recrystallise, 
using bone-black, at least twaee. 

^ The tube for such an operation as this sliould be sealed up in the manner prescribed 
for a “ Carius tube” (Determination of halogens), in most laboratory handbooks. 
Hewitt’s book, already referred to, gives an excellent description of the operation, but 
an actual demonstration and a little practice arc of more value than any %mtten 
account. — 'J'r. 
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PREPARATION OF ACETYLS ALICYLIC ACID {Aspirin) 
Salicylic Acid 

Plicnol . . . . . . 2(S o’in. 

Alcohol, absolute . . . . . cSO ,, 

Sodium . . . . - . tS ,, 

To the alcohol, in a. llask fitted with a, rellux eondensiu*, add the 
sodium, little by little, then th(‘ phenol. Distil off th(‘ alcohol and 
carefully dry the residue ovcTa naked llanu‘, k(‘(‘])in^‘ ( he llask moving 
continuously, until a, powchuy mass is obtainc'd. Crush and sift 
rapidly, in as dry a place as possible^ and transfer to a. 200 e.e. (ubu- 
lated retort. Heat in an oil-bath. Wlaai tli(‘ l('mp(‘ral un' nsaelu's 
110° start to pass in carbon dioxide (lh(‘ (‘iid ofh'ading lulx' should be 
about 1 cm. above th(‘ sodium })h(‘noxi(l(‘). Haisi' lh(‘ l('mp(‘ra( ur(‘ 
to 190° in four liours (20° pen* hour), Hum lo 2()()" dui’ing iv'o hours, 
shaking frequently to ex 2 K)se fr(‘sh material lo the gas. Cool, dissolve^ 
in water and precipitate* tiu* product with hydrochloric acid. Cillcu* 
off and recrystallise from wat(‘r. M.p., ir)<S'’. 

If potassium phenoxidc lx* us(‘d, I he /^-carboxylic acid is I Ik* main 
product, llesorcinol will take* up e*arbon dioxief* in (his way if it is 
simply heated with sodium bicarbonal(* in a(jn(‘ons solnlion. 

Other xoaijs ol‘ obtaining salieylie* acid ar(‘ I Ik* following : 
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Acetylation of Salicylic Acid using Acetic Anhydride 
Salicylic acid . . . . .25 gm. 

Acetic anhydride . . . . . 27 „ 

Mix together in a 125 c.c. flask fitted with a reflux condenser and 
heat in an oil-bath at 150°— 160° for three hours. Distil off the excess of 
acetic anhydride, and the acetic acid formed in the reaction, in vacuo. 

The distillate should weigh 16 gm. and the residue 31 gm. The latter 
should be recrystallised from tmce its weight of benzene. Yield : 

18 gm., purified product, m.p., 135°-137°. If the mother liquors are 
concentrated, another 10 gm., nearly pure, may be obtained. 

Acetylation by means of Acetyl Chloride and Pyridine | 

Acetyl chloride and salicylic acid will not interact of themselves ; a | 

(tertiary) base, such as pyridine, must be present. Pyridine forms ! 

with acid chlorides additive compounds, which act as acetylating 
agents, pyridine hydrochloride being produced. ! 

C 5 H 5 N/ ^ + R' OH > R'*O CO R + C 5 H 5 N HCI. 

\ci 

Pyridine . . . . . .10 gm. 

Salicylic acid . . . . . 14 ,, 

Acetyl chloride . . . . . 10 ,, 

Dissolve the salicylic acid in the pyritlinc by gently warming. Cool 
the solution in a freezing mixture and add the acetyl chloride gradu- 
ally. As soon as the first drops are added the mixture becomes pasty, 
then it liquefies but finally again thickens. AVarm for ten minutes on 
the water-bath and pour on to crushed ice, stirring meanwhile. The 
viscous mass soon solidilies. Crush it up, filter off, wash with water 
and dry at 6()°-70°. Yield, crude product : 13 gm. Recrystallise 
IVom benzene as before. 


M. 
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PREPARATION OF STOVAINE 

1. Chloracetone. 

2. Dimethylaniinc, from dimcthylanilinc or amnionia. 

3. Methylctliylchloromcthylcarbinol (Grigiiard readioti ). 

4. Metliylethyldimethylaminonicthylearbinol. 

5. Benzoic acid {Sandmeyer reaction, (hignard rcaclion). 

6. Benzoyl chloride. 

7. Stovaine. 

1. Chloracetone 

"Acetone 

^ Water 15 e.e. 

Marble, crushed to about the size oI‘ 
grains of corn and sifted . . 30 gin. 

I Manganese dioxide .... 1.00 ,, 

I Hydrochloric acid .... 800 ,, 

Fit a litre flask with a reflux condenser, leading tiilx' and dropping 
funnel, introduce the acetone and t]u‘ niarl)lt‘, warm (o 
Pass in chlorine (generatcxl IVoni the mixture B), not loo (|nieldy, 
agitating meanwhile', and run in the water (10 -15 e.e.), drop hy 
drop, so as to dissolve the calcium chloride as il, is IbrnK'd. Cul oiT 
the chlorine sii])ply when nearly all the marbh' has (lisapj)(‘ar(‘(l 
three to four hours. Caidlon It the a(‘(‘lon(' Ix'eoines golden y(tIo\v 
and the marble a.])p('ars not to Ix^ allac'kc'd, llu' eurr('n( of gas should 
be stopped and th(‘ mixiun' boih'd nnlil llu' (‘xe(‘ss eliloriiu' has dis- 
appeared. Sonadinies Ihr ehloriiu' dissoUx's in llu' ae(toiH‘ wilhout 
actually entering into r(‘ae( ion, and then ehlorinalion siahhaily (ak(\s 
place with explosive' vioh'iux'. The colour ol‘ th(' sohil ion must , I ianv- 
loie, nevei be more than a. pale dull yellow, not on an\' a(*eonnl 
greenish or golden ye'lIoAv. 

When the reaction is over, tlu' niixhin' will ha\'e s(‘paral(‘(l into 
two layers. The lower one should hv run off and (Ik' u\)\)rr oik* 
washed with water (here it will go to llu' hoi lorn), dried over ealeium 
chloride', andc'arc'lullydistilk'd. A(‘('lon(' iirsl passes ox (U' (nplo 100 "), 
then tlie ehloraec'toTU' (from about. 1 15 ’ 125 ). Heelily ov<‘r a litth' 
calcined magnesia. B.p., l lO't Vi(‘ld : 1 10 gm. 

C hloi <ie(‘l one sharply attacks ilu' ('yes. d'his should Ix' renu'in- 
beied during the distillation, and wlu'ii I Ix' i’(‘sidu(‘s ar(' Ihrown away 
and the vessels washed out. 

2 . Dimethylamine. (i) Methyl- and Dimetliylaniline 

Methylaniline is not used in drug manula(‘l urc' c'xec'pt for 
making Fxalginc (acetyl methylaniline'), the use oi’ which is now 
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almost abandoned. But from dimethylaniline, dimethylaniine is 
prepared. 

Methylaiion of Aniline, — ^When aniline is treated with methyl iodide 
the product consists of a mixture in which unattacked aniline, mono- 
methylaniline, dimethylanilineand trimethylphenylammonium iodide 
are all present. The salt of the quaternary base is soluble in water so 
it can be easily separated, and as the boiling point of aniline is about 
10° below that of the other two bases, it also may be removed, provided 
the fractionating apparatus is efficient. But as methyl- and dimethyl- 
aniline have almost the same boiling point, efforts must be made so 
to regulate the reaction that one or the other is produced in a nearly 
pure state. This may be effected by heating together aniline hydro- 
bromide and the theoretical amount of methyl alcohol. 

On the industrial scale the methjdating agent is methyl chloride, or 
simply methyl alcohol together with a certain proportion of aniline 
hydrochloride or other catalyst. The reactions which then take 
place are : 

CeHs-NHa-HCl + CH3OH = CH3CI + H,0 + CeH^NHo 
CH3 CI + 2CeH5 NH2 = -f 

Thus, aniline hydrocliloride always being regenerated, all the 
methyl alcohol is converted eventually into methyl chloride. 

Monomethylaniline. 

Aniline hydrobromide . . . .17*0 gm. 

Methyl alcohol . . . . . 8*5 ,, 

Heat together in a sealed tube for six liours at 160^. Dissolve the 
contents of the cooled tube in water, make strongly alkaline with 
caustic soda and extract with benzene. Dry tiu' cxtracd over anhy- 
drous potassium carbonate, distil off the benzene and fractionate the 
residue. From 182°-188° 3 gm. aniline distils, from 189°-191" 1 gin. 
intermediate fraction, from 191°-194 ’ 0*5 gm. methylaniline. 

Dimethylaniline. — The procedure is tlie same as for monomethe l- 
anilinc, but somewliat more than doulde the amount ol methyl 
alcohol is us(*d. All the aniline enters into reaction and the product 
is almost exclusively dimethylaniline, b.p., 192 -193". When mueli 
more methyl alcohol is used a considerable amount of trimethyl- 
phenylammonium bromide is formed, and this is thrown out ot solu- 
tion as such, together with the dimethylaniline, wdien the solution is 
made strongly alkaline. Being insoluble in benzene, it remains as an 
oily layer between the aqueous liquor and the benzene extraet, and 
may later be decanted off. If it be set aside in a dish it soon 
crystallises ; when distilled under diminished pressure it breaks down 
quantitatively to dimethylaniline. 

Industrial dimethylaniline may be bought ; it is a very pure pro- 
duct. For all that, the process for making the compound in the 

1 4 — 
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laboratory is given here because it is a general one, applicable to other 
alkyl derivatives. 

To test for monomethylaniline in dimethylaniline of doubtful 
purity, dissolve 2 gm. in 20-30 c.c. dilute hydrochloric acid (10%-^ 
15%), cool, and add a concentrated solution of sodium nitrite a little 
at a time. If monomethylaniline be present, a yedlow oil, soluble in 
ether, will separate out. This is methylphenyluitrosaminc, Cgllg* 
N(N0)*CH3. The presence of the monomethyl derivative being 
indicated, the exact amount is determined as folIoAVS : 

Estimation of Aniline and Monomethylaniline in Dimethylaniline. 

Reagents needed : 

Acetic anhydride^. 

Normal solution of sodium hydroxide. 

Make a blank titration with the acetic anliydridc' ; 1-02 gm, should 
need 20 c.c. N sodium hydroxide. 

Weigh out accurately, e.g., 2-60 gm. of the sample of crude dimethyl- 
aniline, and 1*206 gm. acetic anhydride. Mix and leave in contact 
for one hour; stir up with 30 c.c. water, and warm on the water-bath 
for half an hour; titrate with the N sodium hydroxide. Thus : 

1*206 gm. acetic anhydride 
needed .... 23*6 (*.e. N sodium hydroxide'. 

1*206 gm. acetic anhydride 

needed after reaction . . 16*S ,, 


The acetic anhydride used u\) 

was therefore equivalent to . 6*«S ,, ,, ,, 

I.e., 0*3t6(S gm. aeelie anhydride Avas us('d up. 

Noav 102 gm. acetic anhydride' eorr('sj)()ii(ls lo 03 ■ 2 I.S() gin. 

aniline*; so 0*346<S gm. aee'tie anhydride* e()rr('sj)on(ls lo 0-632 I gm. 
aniline. 

That is, in 2*60 gm. crude* dime-lliylaniliiu' llu'n* ai'e* ()-()32t gm. 
aniline, or 24*3%. 

N.B. — The monennethylmiiline alse) re*acls, se) ae'lually bolh this 
and aniline are estimated and (*valua.te‘el le)g('lli('r as aniline'. 


Nitrosodimethylaniline 

f Dimethylaniline . . , 

A Hydrochloric acid, eeincc'ivtratc'd 
I Ice, crushed .... 
Sodium nitrite* 


B 


l Water . 


200 gm. 
500 „ 
l ,()00 „ 
130 „ 
350 e'.e*. 


Make up the mixture A in a 5-litre crock. Stir ee)ntimiously 
(mechanically) and add the solution B gradually, Filter off the* y(*lloAV 
precipitate of nitrosodimethylaniline hydroehloriele, press, wasli with 
a little cold 20% hydrochloric acid and dry on filter paper. Yield : 
170 gm. (hydrochloride). 
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Dimethylamine 

Nitrosodimethylaniline hydrochloride 
Zinc, granulated , . . . 

Caustic soda, 36% 

Water. . . 


50 gm. 
5 ,, 

. 150 „ 

. 500 c.c. 


Fit a 2-litre flask with a condenser. Connect the condenser with 
an empty flask, and this by means of a bulb tube with a second flask 
containing 15% hydrochloric acid (in excess). Mix together in the 



distilling llask the caustic soda and th(‘ water, add the zinc and 20 gm. 
nitrosodimethylaniline hydrochloride. Foil until tlu* nitroso eom- 
])ound is decomposed and dissolved. Quickly uncork the distilling 
flask and add 15 gm. more nitroso hydrochloride. Boil again. Finally 
add the rest of the nitroso compound and complete. Evaporate the 
solution of dimethylamine hydrochloride to dryness. About IS gm. 
crude product should be obtained, which maybe used without further 
purification for preparing a dry benzene solution of dimethylamine. 

This preparation is to be carried out in the apparatus depicted in 
Fig. 22, by a similar method to that described for trimethylamine 
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(ii) Dimethylamine and Methylamine by Methylating Ammonia. i 

Formaldehyde (Formalin, 40%) , . 250 gin. 

Ammonium chloride . . . . 125 ,, 

Fit a 500 c.c. flask with a cork carrying a, thermometer to dip into 
the liquid and an elbow tube connected with an inclined condenser. 
Another flask will be needed as a receiver. Mix togidher the formalin 
and the ammonium chloride in tlie llask. Heat by mc'ans of an oil- 
bath, first to 50°, then gradually more strongly so that tlu‘ temperature 
reaches 104° in two hours ; keep it at 101/' for two inort‘ hours. 
Leave to cool overnight. In the morning filtcn- off the crystalline 
separation of ammonium chloride, add 100 gm. j’ormalin and again 
heat, as before, to 115°. Cool overniglit. Filtm* off the* mixture^ of 
ammonium chloride and methylamine hydroehlori(I(‘s and tak(^ up 
the latter in hot alcohol. Filter the alcoholic solution wlnm cold and 
evaporate it down in a dish, eventually over a IVch' llaine, but taking 
care that the temperature of the conecntratc'd licpior doc's not rise 
above 120°. When skin fbrms on the suria(*(‘, cool in a (h'sieeator over 
sulphuric acid ; in a few liours the solution will s(‘t to a eak(‘. diop 
this up and transfer it to a small flask fittc(l with a n'llux eondensc'r, 
and digest it on the water-batli with 100 (‘.e. ehlorolbrm.'*^ Filter 
warm and distil off 75 c.c. chloroform from tlu‘ Jiltral(‘. Fransler 
the remaining syrup to a dish and set it in a, (k'siceator ovim* sulphuric 
acid to crystallise. Yield : 75 gm. 

3. Methylethylchloromethylcarbinol 
CIIoCl C(OII) ( ir,. 

“ I 

Chloraeetono. 

Ether, anhydrous. 

Ethyl bromid(‘ 

Magnesium (ribbon) 

Fit a litre llask with a good eondensca* (V'igrcmx or doul)j<' surrae(' 
pattern) and a dropping funnel. See that lh(‘ whoh' aj)|)aralns is 
quite dry. Introdu(*(‘ the magnc'sium and ni'arly cover il. wi(h (4h(‘r, 
add a small crystal of iodine^ and, wlum th(' aelii)n has b(‘gun, lh(‘ 
ethyl bromide^ mixed with the nanaiiKk'r of ( he (d her, lidh' by lillj(‘, 
making a fresh addition only wluui th(^ action b('eom(\s l(\ss vigorous. 
When all is added, set aside for about threc‘ hours, I lam (‘ool th(‘ llask 
in a freezing mixture and run in, drop by dro]), the ehloracidone dis- 
solved in its own volume of dry (‘ther. Shak(‘ th(‘ llask all llu' time ; 
use the apparatus shown in Fig. 15 if it is available. Decompose the 

^ Cf. Werner, Tram. Chan. Hoc., 1917, 1.1], H44.—Tr, 

^ Dimethylamine hydrochloride is soluble in chloroform. 
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product by adding ice and dilute sulphuric acid (10%). Separate the 
ethereal layer, dry it over anhydrous sodium sulphate, distil off the 
ether and fractionate the residue in vacuo, collecting that which passes 
over between 60° and 100°. Rectify under atmospheric pressure. 
B.p., 150°. Yield : 25 gm. 

The product is not quite pure, as it contains some ethylamylcarbinol, 
produced by a more complicated reaction. This chlorine-free alcohol 
distils at the same temperature as the chief product, the chlorhydrin. 

1 . Methylethyldimethylaminomethylcarbinol 

Methylethylchloromethylcarbinol . . .19*5 gm. 

Benzene solution of dimethylamine, dry, 25% . 90 ,, 

Mix the reagents together. Keep the mixture cool. Transfer to 
thick- walled tubes, seal up and heat at 125° for a day. Filter off 
the crystals that have separated and wash them with a little 
benzene. Unite the filtrate and washings and distil off the excess 
dimethylamine and some of the benzene. Extract the remaining 
solution with dilute hydrochloric acid, using enough to take out all 
the base and give a faintly acid solution. Wash the acid extract with 
ether. Evaporate it down to small bulk, cool and add 20 gm. con- 
centrated caustic soda, then 40 gm. sodium carbonate. Extract 
with 100 c.c. ether at twice. The base has b.p. 74°-75°/29 m.m. ; 
150°-154° at atmospheric pressure. 

Bromobenzene (for 5) 

Benzene ...... 225 gm. 

Aluminium chloride .... 12-5,, 

Bromine ...... 320 ,, 

Fit a litre ilask witli a dropping funnel and a reflux condenser. 
Connect the upper end of the rellux condenser with a wash bottle 
containing water, ))y means of a bulb tube or other device to prevent 
the wat(‘r being sucked back. Add the aluminium chloride to the 
benzeaudn th(‘ Ilask, warm gently and run in the bromine, drop by 
drojv As soon as a reaction begins, remove the source of lieat. The 
introduction of tlu* bromine should take Iroin lour to six hours. 
Wash the product thre(‘ times with water and steam distil, stopping 
wiien th(“ distillate contains a erystallisable substance, \'iz., dibromo- 
benzene. Separate the oil from the distillate, dry over calcium 
chloride, and distil : 

From 90° to 130°, benzene passes over, 

130° to 155°, a mixture, about 20 gm., 

155° to 159°, bromobenzene. 

Redistil the first runnings and collect all together that distilling 
from 155°-160°. Yield : 225 gm. 
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5. Benzoic Acid 


(i) By the Grignard reaction : 

Magnesium (ribbon) . . • • 2*;3 gin. 

Ether, anhydrous . . . • ,, 

J Bromobenzene 16 ,, 

I Ether, anliydrous .... 10 ,, 

Fit a (dry) 220 c.c. flask with a. reflux eoiuleiiser and (lro])piiig 
funnel. Introduce the magnesium (in small pieces) and nearly eovcn* 
it with the 10 c.c. ether. Run in througli the dropping funnel gm. 
bromobenzene, warm gently, and drop in a, minute crystal of iodine. 
In a few moments, sometimes immediately, redaction l)egins, little 
bubbles arc formed and the iodine disappears. Add fort h wit li, drop 
by drop, the ethereal solution of the bromo])enzen(‘, taking (‘are that 
the action does not become too vigorous. Set asidc‘ for four hours. 
Cool in an icc-bath. Remove the dro])ping funiu'l and |)ut in its ])lae(‘ 
a leading tube to clip into the licpiid. Pass in a eurnait of W(‘lbdri(‘(l 
carbon clioxide for about two liours. A nearly solid mass is fornual. 
Add 60 c.c. ether, a few small pieces of ie(‘, and a, mixlur(‘ of 15 e.e. 
concentrated hydrochloric acid and 60 (*.(*. wat(‘r. Shak(‘ and con- 
tinue to extract with ether until all is tabm up, tluii ext raet 1 li(‘ (t lu'r 
with 10% caustic soda in slight exe(‘ss. Pill(‘r ilu' alkaline' solution 
and add an excess of hydrochloric acid. FilU'r off the preei])il ab'd 
benzoic acid and rccrystallisc from water. Yield : 10 gm. M.])., 120 ’. 

(ii) From aniline by Sandmeyer s method' : 

C.IIs NIR 1 IINO 2 + net - I 211., (). 

CelTs-NvCl + KCN - C.ll. CN KC\ -| N,,. 


Diazotisntiini. 

I Aniline .... 

A llydroehloric Acid, coned. 

(.Water .... 

..3 f Sodium nitrit(,‘ 

\ Water .... 


Vo gm. 
22.5 

250 e.e. 

56 gm. 
225 e.e. 


Make up the solution A in a, tliiek-walled l)('ak('r or jai’ of oboid 
2 litres capacity, fitted witli a. nu'elianieally <lri ven s( irrer. Add 
small lumps of ice until the t(‘m])(‘ral un' falls lo !<' , (lien run in from 
a dropping funnel the sodium nil rib' solution (!>), liKlc by lillh'. 
Add more icc' from time to time so as lo ki'cp llu' b'npx'ral iin* I)(‘1oav 
8°. Test for completion in the usual way. 


(Univermon to the Nitrile. 


I Copper sulphate (crystallised) 
I Water .... 
f Potassium cyanide 
I Water .... 
Fit a 2-litre flask for steam distillation. 


. 820 gm. 

. 800 e.e. 

. 220 gm. 

. too c.c. 

Make up the copper sub 
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[)hate solution in the flask and add the potassium cyanide solution 
gradually, keeping the mixture hot on the water-bath. Shake 
vigorously, and carry out the operation in a good fume cupboard, 
because cyanogen and hydrogen cyanide are evolved. Cool to 70°, 
keep on the water-bath, and run in slowly, during about an hour, the 
above diazo solution. Shake from time to time. l^Tien all is intro- 
duced, heat on the boiling water-bath for an hour, then steam distil. 
Separate the benzonitrile, dry over calcium chloride and distil. 
B.p., 190°. Yield : 47 gm. 

Hydrolysis. 

Benzonitrile . . . . .25 gm. 

Sulphuric acid . . . . . 150 ,, 

Water . . . . . . 80 ,, 

Mix the reagents in a 500 c.c. flask fitted with a reflux condenser 
and slowly heat to boiling. A vigorous reaction begins. When it 
has moderated, boil for five hours. Benzoic acid crystallises out on 
cooling. Yield : 23 gm. 

Benzoic acid may be obtained in other ways, thus : 

By oxidising toluene with manganic sulphate ; 

By hydrolysing benzotrichloride ; 

By heating potassium benzenesulphonate with potassium 
formate, 

Cglls SO^K + H COJv - CeIl 5 CO.av + KllSOg; 

(The nitrile) by heating the sulplionate with potassium cyanide, 
CJ-Is-SO.K + KCN > CeHs CY. 

6. Benzoyl Chloride 

C.Hs-COJI t pels CJIa-COCl + POC'l3 IICl. 

Benzoic acid, dry .... 50 gm. 

Phosplioriis pentaehloride . . . 90 ,, 

Rapidly crush the phosphorus pentaehloride (in a fume cupboard), 
mix it with the l)('nzoic acid in a 250 c.c. ilask, and imnualiatcly 
attach a ixOlux coiideiiscr. A lixaly nsaction, ac-compaiiied by 
('Volution of hydrochloric acid, takes [)lac('. hen this has ceased, 
warm on the Avat('r-l)atli for five minutes. Fracti(jiiatc, Phos- 
phorus oxychloride forms the bulk of the fraction distilling up to 
]20'\ Rc'ctify that which passes over a])ove 150 . Benzoyl chloride 
has b.p. 200°. Yield : 40 gm. 

Other Methods : 3 Cells-CO.H + PCI,, 

C eHs-CO^Na + POOL,, 

CgHsCOsH + SOCI2, 

+ COClg, and a catalyst. 
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7. Hydrochloride of Methylethyldimethylaminomethylcarbinol 


Benzoate {Stovaine) 


f MethylethyldimetliylainiiK)niot!iylcaii)inol 
^ 1 Benzene ...... 

. 5 gin. 

• » 

/ Benzoyl c*hlori<lt‘ ..... 
1 Benzene ...... 

. 10 ,, 

. 10 ,, 

Mix to^^etlKT tlie solulions A and ,B in a 125 i 

e.e. Hash, without 

cooling. A lively reaction takes [)lac<\ yVIl g()(‘s 

into solution, but 


on cooling? :i (Tyst.nlline mnss is obtnincd. Killer off llie sepjiraiion, 
wash it with benzciu; ami reerystallisc IVoiti lliree limes its vveif>ht of 


absolute alcohol. M.p., 17.1"-17'5". Yield : DO"/ . 

Test the anicsthetic action on the eiul of (he longue. 
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PREPARATION OF ETHYL AMINOBENZOATE (Ancestliesme) 

p-Nitrotoluene. 

;p-Nitrobenzoic acid. 

^-Aminobenzoic acid. 

Ethyl p-aminobenzoate. 


Nitration o£ Toluene ^ 

Toluene ...... 500 gm. 

Nitric acid, sp. gr. 1-5 . . . 2,000 „ 

Run the acid, drop by drop, into the toluene, keeping the tempera- 
ture about 30°. Set by for three hours. Pour into five litres iced 
water. Separate the oil, dry over calcium chloride, distil carefully, 
stopping when the temperature reaches 260°. The main fraction is 
that which passes over between 230° and 255°. 


Oxidation of ^-Nitrotoluene by Potassium Bichromate — 
^-Nitrobenzoic Acid 


^:>-Nitrotoluene 
Potassium dichromate . 
Sulphuric acid 
Water . . . . 


. 28 gm. 

. 100 ,, 

. 137 „ 

. 150 c.c. 


Mix all together carefully and boil under rellux for about 2|- days, 
until the colour of the solution has definitely changed to green. Add 
200 c.c. water and steam distil off the remaining nitrotoluene. Filter, 
wash the deposit with hot water, collect the liquors, cool, filter, 
l^rccipitate by adding hydrochloric acid. Dissolve the filter cake in 
10% eaustie soda, using a small excess and warming on the water-bath 
until all is dissolved. Cool, filter, add hydrochloric acid to the filtrate 
to j)recipitate the nitrohenzoic acid. Filter off and recrystallise from 
7iy\\, alcohol. M.])., 23 S°. Yield : 20 gm. 

Potassium permanganate may also hi* used to oxidise y;-nitro- 
toluene. 


^j)-Aminobenzoic Acid 

Nitrohenzoic acid 
f Ferrous sulphate 

\ Water 

Ammonia .... 


10-7 gm. 
. 105 
. 400 c.c. 

. ry.s-. 


Dissolve the nitrohenzoic acid in about 60 c.c. strong ammonia and 
50 c.c, water and pour the solution, a little at a time, into the boiling 

1 See Cain’s Manufacture of Interrnediates for Dyes—Tr. 
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ferrous sulphate solution. Stir vigorously and add grudnully enough 
ammonia (120-150 c.c.) to keep the mixture faintly alkaline. Filter 
off and wash the brown preeipitatc, imite the hltrates, evaporate 
down on the water-bath to about half the original volume. 111 ter amiin 
precipitate the aminobenzoic acid by adding acetic acid (ahout lOc c ) 
avoiding any excess. Filter off tbc prraapitate, wash it -with the least 
possible amount of water and dry. The mother licpiors may be 
concentrated and will give a further sc])aralion of about 2 oiu 
making the yield, iti all, Vi-S gm. Hccrystallise the product IVoin 
water. Felted needles, sparingly soluble in <'old water or alcohol 
more readily in warm alcohol and freely in acclonc. M.j)., 180“ 

Ethyl Aminobenzoate Hydrochloride {Auwsilu's-'mr) 

Aminobcnzoic acid . .... 10 (rm. 

Alcohol (!)(>%) 50 

Mix, saturate with hydrochloric acid gas in I he cold, boil under 
reflux for half-an-hour ; on cooling, I la' hydrochloride of the ester will 
crystallise out ahno.st (pumlitativcly, lillcr il off and wash with a 
little absolute alcohol. Yield: 10 gm. M.))., 20;i ' (dccomp.). 

The product is soluble in alcohol, sj)aringiy so in acclonc. When 
placed on the tongue, it causes an inicnsc scnsalion of ana-slhcsia. 

Cycloform, is butyl aminobenzoate. N ovocaUir is dicl hylamino- 
ethyl aminobenzoate. 
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PREPARATION OF QTIIETOL 

(Hydrobromide of the valeric ester of propyl dimethylaminohydroxy- 

25obutyrate.) 


Chlorohydroxyi^obutyric acid. 

Propyl (and ethyl) chlorohydroxyz^obutyrate. 
Propyl dimethylaminohydroxy^^obutyrate, 
Quietol. 

Chlorohydxoxy^5obutyric Acid 


Hex 

CH^ChCO CHa > CH2C1C(0PI) CN 

CH3 


2H2O 


> CH2ChC(0H)-C02H. 

CH3 


Chloracetone 
Hydrocyanic acid (25%) 
Ammonia . 

Hydrochloric acid, fuming 


. 42 gm. 

. 00 „ 

. 4 drops. 

. GO c.c. 


Fit a 500 c.c. flask with a reflux condenser. Immerse it in a bath 
of ice and water and introduce successively the chloracetone and the 
hydrocyanic acid. When the temperature of the mixture has fallen 
to 5"^, connect up the condenser and run in the four drops of ammonia 
(down the condenser). A reaction begins. Shake the mixture briskly 
and leave it for six hours. 

Add the fuming hydrochloric acid, then bubble hydrogen chloride 
gas into the liquid until 42 gni. has been absorbed. Heat at 70^ for 
two hours, l)oil for four hours, having connected a wash-bottle with 
the top of tlu; condenser to take up the* hydrogen chloride evolved 
during the boiling. Cool, extract with ether three times, using 150 c.c. 
ether each time. Dry the extract over anhydrous sodium sulphate. 
The residue left by distilling off the ether will solidify. Dissolve 
it in 500 c.c. crystallisable benzene, add 25 gm. anhydrous sodium 
sulphate ; filter hot. As the solution cools the acid will separate 
in yellowish scales ; it may be obtained in a perfectly colourless 
state by again recrystallising from benzene and treating with bone- 
black. 

Prismatic needles, readily soluble in water and ether, sparingly 
soluble in cold benzene. M.p., 110°. Yield : 59 gm. 
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Ethyl Chlorohydroxywybutyrate 

^'^\c(Oir)CO.,CJT5. 

CllaCl/ 

Chlorohydroxyw7>butyric‘ acid . . . i() 

Alcohol, absolute^ ..... *40 
Hydrogen chlorid(‘, gas . . . . 5 ,, 

Boil the solution under r(‘llux for iivo hours. Distil oft three- 
quarters of the alcohol, add watcT to th(‘ residiu^, (‘xtrael wiih (‘ther 
Wash the extract with sodium bicarbonate solid ion tollowi'd by water* 
then dry over anhydrous sodium sulphate. Distil lh(‘ residiu^ h ft 
after rcniovingthe ether und(T(liininish(‘(l prt'ssun*. H.p., <S5'7ri m.ni 
Propyl Chlorohydroxy/.vcbutyrate 
Chlorohydroxy/.vnbutyric a(*i(l . . 115 <nn. 

Propyl alcohol ..... ;m ,5 
Hydrogen chloride, gas . . . . ;j 7 

Reflux for three hours. Remove most of th(' (^xeess ofaleohol under 
diminished pressure', complete' as above'. 

B.p., 100713 m.m. Yield : 120 gin. 

Propyl Dimetliylamiiiohydroxy/.vnbutyrate 
('iivN((dr,).> 

( iLpcloii; 

' I 

(■(MV 1 7 . 

Propyl ehlorohydroxy/.vebnl yra I (' . . •t<S gni. 

DinK'thylainiiK' ..... 

Bc'nzene . . . , 

Iloatiit, lI.T'ibr.six- hours in scaled luix s. I' illcr olT I lie (iinicl hyl- 
amiuchytlrochloridc and work n|) ( lie li([iior as I'or I lie laisc of Slo\ ainc 
usin<f here, however, sodium earhonate lo iihende I he base nol 
caustic soda. B.J)., «!)°-!)l'7l m.m. 

Valeric Ester of the Above (as Hydrobromide) 

CieN((H,j.yllHr 


^ I Proj^yl <lim('lhylaudn()liy(lroxy/.sa))idyrale 
' Benzene .... 

/ Valeryl bromide* .... 
t Bc'nzenc .... 

Mix and proceed as for Stovaine. Heervstallist' 

M.p., 120°. 
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PREPARATION OF ACETOPHENONE [Eypnone) 

(Friedel and Crafts ’s Method.) 

Aluminium chloride, anhydrous . . 185 gm. 

Benzene, dry . . . . . 180 ,, 

Acetyl chloride . . . . . 80 ,, 

Fit a flask with a reflux condenser and dropping funnel. Introduce 
the aluminium chloride and the benzene and cool the mixture in a 
bath of ice and water. Run in the acetyl chloride, drop by drop, 
shaking continuously. Allow to stand for two hours in the cold, pour 
on ice (care !). Separate, wash the oily layer with water, then with 
very weak caustic soda, dry over anhydrous sodium sulphate. Distil, 
collecting the fraction 190^-220°. B.p., 202°; m.p., 20°. Yield : 70 gm. 
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PREPARATION OF BROMOVALERYLUREA (Bromural) 

Valeric acid. 

Valeryl chloride and l)roini(l(‘. 

Bromovalcryl chloride and })ronu(I(‘. 


Valeric Acid 

rAmyl alcohol .... 

A -I SuliDhuric acid, (joncd. . 

I Water ...... 

^ /'Potassium dicliromaU*, linely powdered 
^ \ Water 


<S0 ^nn. 

cSO „ 
200 „ 
mo 


Add gradually the mixUire B to A (in a, lilr(‘ llask wil h a, rellux 
condenser and dropping runn(‘I) during about, I \ liours. A vigorous 
reaction takes place, accompanied by liv(‘ly (‘biillil ion. d\) eoniph'U^ 
heat eventually to boiling point. Sbaun disl il. kxl raet I he dis- 
tillate with ether, then wash the extract wilh 10'}', (*austi(^ soda 
using a small excess. Tlie (‘thereal solid iori now eonlains (i) vahu’ie 
aldehyde, (ii) amyl valerate, (iii) amyl aI(*ohol, and may Ix^ workial 
up separately. The alkaline acpu'ous solution, eonlaining sodium 
valerate, is to be evaporated down on (ju‘ wnb'r-lial h, llu' residin' 
acidified with hydroclilorie acid and ('xiraeli'd wilh ('Iber. Dislil 
B.p., 17r-17'5^ Yield: to gm. 


Valeryl Chloride 

Vhilerie acid ...... 1,5 

Tliionyl chloridi' . . . . .so 

Heat the mixture at (K)' -70" in a, llask lil led wil li a rellux eondensi'r 
and a tub(‘ to lead off hydrogen ehloridi'. Raise I be I cnpx'ral iiri' 
gradually to 95'" to c'xpi'l hydrogen ehloridi* and I In* ex<‘(‘ss of lliionyl 
chloride. Praetionate. B.p., 1 1 2 ' 1 1 5". \'i(‘ld : to t7 gm. 


Valeryl Bromide 

3(Cll3)2CH ClL2-C02lI H P I- 5lh* ^ 3(^'lla)2^'n (dK (’OHr 

I HPO, I 21 1 Hr. 

Valeric acid . . . . . . 51 gm. 

Bromine . . . . . . <so ,, 

Phosphorus, red . . , . . 10 ,, 

Introduce the phosphorus, then the acid, into a llask ; shake' and 
run in the bromine, drop by drop. The' mixlun' Ix'e'onu's hot and 
hydrogen bromide is evolved. Leave ovc'rnighl. Warm on the 
water-bath until all hydrogen bromide is driven off (one lo two hours). 
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Decant. Distil from an oil-bath at 170"". Rectify. B.p., 137°-140°. 
Yield : 72 gm. 

Bromovaleryl Chloride 

Valeryl chloride . . . . .12*8 gm. 

Bromine ...... 16*3 ,, 

Fit a 125 c.c. flask with a reflux condenser, a dropping funnel, and a 
tube to lead away hydrobromic acid gas-. Introduce the valeryl 
chloride, warm to about 60°, and add the bromine, little by little. 
Gradually (during two hours) heat to 100°. Distil i/i racim. B.p., 
94°~95°/46 m.m. ; 77°-78°/18 m.m. Yield : 16 gm. 

Bromovaleryl Bromide 

Valeryl bromide ..... 150 gm. 

Bromine . . . . . . 150 ,, 

Run in the bromine, drop by drop, at 80°-90°. Hydrogen bromide 
is evolved. Pleat in a boiling water-bath for two hours, then distil. 
B.p., 186°, at atmospheric pressure ; 113°/40 m.m. ; 85°/10 m.m. 

Yield : 190 gm. 

Bromovaleryl bromide may be prepared from valeric acid in one 
operation by using the appropriate amount of bromine in presence 
of red phosphorus. 

Bromovalerylurea ( Bromural) 

Urea . . . . . . .10 gm. 

Bromovaleryl cliloricle . . . . 13 ,, 

Mix and warm carefully on the water-])ath. Heat more strongly if 
nothing happens. The reaction usually begins at about 130'-140', 
but sometimes earlier, and is accompanied by the evolution of hydro- 
g(‘n ehloridce As soon as this takes place, nunove tlu* source of heat. 
Ol'h'ii warming on the water-batli will sulflee, and the reaction may 
h(‘eonK‘ vioh'nt ; in this evc'ut, the flask should })e cooled by iinnier- 
sion in cold water. When the mass, having once liquefied, becomes 
solitl again, intc'rael ion is eoinplt‘t(‘. Take up in water and reerystal- 
lise ra pidly from a([U(‘ous alcohol, or Indter, from toluene. M.p. (after 
two rc‘erystallisations from tolueiufl, 15 


M. 


If) 
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PREPARATION OP DIETHYLBARBITURIC ACID (Veronal) 
AND OF BROMODIETHYLACETYLUREA (AdaUne) 

Ethyl malonate. 

Ethyl ethyl malonate and diethylnial()nai(‘. 

Diet hylbarbit uric acid (Veronal). 

Diethylacctic acid. 

Diethylacetyl chlorid(‘. 

Bromodiethylacetyl chloride and l)ronn(l(‘. 

Bromodictliylacctyliir(‘a, ( Adal ine ). 

Ethyl Malonate 

(i) Calcium malonate. 

Chloracetic aci(b ..... 200 
Ice ;j()0 „ 

Caustic soda, .... .500 ,, 

Potassium cyanide .... ,, 

There will be needed two 2-litre llasks, one iilb'd with n^llux con- 
denser, and a 10-litrc crock. 

To the acid add caustic soda until it is (‘xaclly mail ralisod (about 
250 c.c. will be needed), introducing ic(‘ as iH‘e(l(al to k(‘(‘i) t he solul ion 
cool. To the solution, at 40“, add a niixliir(‘ of I Ik‘ (lindy powdeax'd) 
potassium cyanide and 268 c.c. water. Th(‘ ((‘injx'ral un‘ will rise 
perhaps to 80°. AttcT an hour has (‘laj)s('d, warm gradually lo l()0 ' 
and keep at that t(‘m])(‘rature for anolh<‘r hour, ('ool lo 20 Add 
250 gm. caustic soda. (88‘)(,) and boil unlil no mor(‘ anmioida is(‘volv(‘d 
(about fiv(^ hours). Pour into th(‘ crock, add a 25'),, solulion of 
calcium chloride until no mor(‘ ])r(‘cij)il at(‘ is (hrown down (aboul 
259 gm. C^aX^h Avill be lusaled). AfU'r Iwenly-l'our hours, lill('r off 
the calcium malonate, wash it with wal(‘r ami dry, lirsl on llu' wah'r- 
bath, then in an oven at 100'’. Vi(‘ld ; 280 gm. 

(ii) Conversion info the esler. 

Calcium malonate .... 200 gm. 

Alcohol, absolute .... 500 

Suspend 20 gm. ol the' inalonat(‘ in I h(‘ alcohol and pass in h>alrog( n 
chloride until it has dissolved, them add anoMaa* porlion of malonal(‘ 
and again pass in hydrog(‘n chloride ; reptad llu^ opiaailions unlil all 
the calcium malonate has been taken up ; linally saluraU' lh(‘ solu- 
tion with hydrogen chloride. Set it by For I wenty-Four hours. Add 
calcium carbonate cautiously until all tlu^ acid is neiil ralis('d. Distil 
of! most of the alcohol under diminished pressiuna ^Tako up th(‘ 
residue with ether, dry the extract over calcium chlorickn Distil off 
the ether and fractionate. B.p., 197'^-10.S°. Yi(‘ld : 1 10 gm. 

^ 8eo p. 2‘i8. 
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Ethyl Ethylmalonate 


Malonic ester 
Alcohol, absolute . 
Sodium 
Ethyl iodide . 

(or ethyl bromide 


16 gm. 
25 „ 

23 ,, 


. 17 
. 12 


jj 



Introduce the alcohol into a 125 c.c. flask fitted with a reflux con- 
denser. Add half the sodium ; when that has dissolved, add 
half the remainder, finally add the last quarter. Connect the flask 
with the condenser, and introduce the ethyl malonate (down the 
condenser). The mixture will set almost solid in a few minutes. Add, 
again down the condenser, the ethyl iodide, by portions. Boil under 
reflux for 1-| hours. Distil off the alcohol, take up the residue with 
water and extract with ether. Dry the extract with anhydrous 
sodium sulphate. Fractionate. 

B.p., 206°~208°. Yield : 15 gm. 


Ethyl Diethylmalonate 

Treat the ethyl ethylmalonate as ethyl malonate has just been 
treated, using the appropriate quantities. B.p., 218°. 


20 gm. 

50 „ 

C „ 

50 „ 

c. ilask fitted with a reflux 


Diethymalonylurea {Veronal) 
C2H5\^/C0-NH\ 

C2H5/ \co-nh/^^ 
j Eth^d diethylmalonate 
A- Alcohol . 

I Urea 
/ Sodium . 
l Alcohol . 

Make up the solution A in a 250 c 
condenser, boil, and add the sodium ethoxide solution B all at once. 
Continue to l)oil for four hours, allowing the solution to become 
gradually more concentrated. Finally heat to 115^ in an oil-])ath. 
Neutralise c‘xactly and evaporate off the alcohol. Take up the 
residue in wat('r, adding a little hydrochloric acid, so that the mixture 
becomes faintly acid. Set it by in a cold place for twxdve hours. 
Rccrystallise the product from 80% alcohol. M.p., 190°. Yield : 
8-10 gm. 

Diethylacetic Acid 

(i) Diethylmalonic acid. 

21*5 gm. 

40 „ 


. f Ethyl diethylmalonate . 
I Alcohol 


^ / Potassium hydroxide (stick) 
^ I Water . . . . 


15 

15 


To the solution A add the caustic potash B, shaking meanwhile ; 

16—2 
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gradually the ether will dissolve. On ilK‘ morrow distil off most of 
the alcohol, take up the residue in water and ncaitralisij exactly with 
hydrochloric acid. Add ealeiuin ehlorick‘, dissolv(‘d in a lilllc water, 
until there is no further preeipital.c‘ of ealeiiuu di(dhyImalonate. 
Filter this off, wash with water, stir into mon* walm*, and lilxa-ate the 
acid by adding hydrochloric acid. Kxtraet wit h cl\\n\ eaindiilly dry 
the extract with anhydrous sodium snl])hat(‘. .Distil off tii(‘ (tlier; 
the residue will crystallise. M.p., 12;i", Yield: i:i-5 gm. 8t%. 
A little ester escapes saponilieation. 

(ii) Diethijlacetio acid acid). 

Heat 37 gm. dietliyhnalonic a(‘id at 190 ’ tor a, (|uart(‘r of an hour in a 
retort with the beak pointing upwards. Carbon (lioxid(‘ is <‘volved. 
Readjust the retort for distillation and distil. D.p., n)2“. Yi(‘Id : 
19-1 gm. = 82%. 

Bromodiethylacetyl Bromide 

(CJl5),Cdh-C!ODr. 

(i) Diethylacetyl bromide (a-IJfhylbutyryl hroiiiide). 

Bromine . . . . . . gm. 

Phosphorus, red ..... .|.•2 ,, 

Dictliylacetic acid .... 25 

Fit a 1‘25-c.c. llask with a. rt‘llux eond(‘ns(‘r (a plain tul)(‘)and a 
dropping funnel. Introduce th(‘ ph()S])horns, add llu' acid and, 
without cooling, run in the bromiiu*, droj) l)y drop. Fh(‘ t(‘mp(‘ral nre 
rises a little and hydrogen bromide is (‘volvcd. Whvu all I ho bromiiu' 
is added, set by for two hours, ^leeanl it inaa'ssarv, and dislil. 

B.p., 153‘M58 ’. Yi(‘ld : 3 t gni. 

(ii) Bromodiethylacefyl bromide. 

Dicthylacelyl br()mid(‘ .... 3t gm. 

Bromiiu^ . . . . . . .31 ,, 

Putthedic‘thylac('tyl broinich' in an ajjparalns lik(‘ llial ns('d for 1 lu' 
first operation, run in I h(‘ hromiiu^, drop by drop, and heal slowly up 
to 100’. Th(‘ bromine is slowly absorlxal and hydrog('n broinid(‘ is 
evolved. The operation should lak(‘ from Ihna' lo four hours. Dislil 
under diminished pressur(‘. Almost all will pass ovc'r Ix'lwasai 95 ' 
and 100° at 20 m.m. Yield : M) gm. 

Diethylacetyl Chloride 

Diethylacetic acid . . . . .89 gm. 

Phosphorus trichloride .... 1.5 

Warm the acid to 00° and add the phosphorus lrichlorid(‘ in small 
quantities, heating gradually to 100°. S(‘parat(‘ and dislil the pro- 
duct under diminished pressure, taking care to k(‘<‘p the rec(‘iver (‘old. 
B.p., 67°-75°/30 m.m . ; 134°~141° at atm. prcssuix'. Yield : 89 gm. 
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Bromodiethylacetyl Chloride 

Diethylacetyl chloride . . . .50 gm. 

Bromine . . . . . . 50 ,, 

Fit a 250-c.c. flask with a reflux condenser and a dropping funnel. 
Introduce the chloride and heat to 100° on the water-bath. Add the 
bromine, drop by drop, waiting for decolorisation to take place be- 
tween each addition. Hydrogen bromide is evolved ; when the 
operation is properly carried out, only very little bromine is carried 
over, but towards the end it is less readily absorbed and a considerable 
amount may be lost in this way. The bromination must extend over 
several hours. Distil under diminished pressure ; the product will 
pass over at 100°/19 m.m. Yield : 50 gm. 

Bromodiethylacetylurea {Adaline) 

Urea (Carbamide) . ... 6 gm. 

Bromodiethylacetyl bromide . . . 15 ,, 

Mix the reagents, stir, and heat on the water bath until the mixture 
solidifies (hydrogen bromide should be evolved). Cool, crush up with 
water and 1 gm, sodium carbonate. Filter off and recrystallise from 
hot alcohol (four times the weight of the product), adding, little by 
little, water up to twice the volume of the alcoholic solution. M.p., 
115°-117°. Yield : about 8 gm. 
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ADRENALINE 


PREPARATION OP ADRENALINE FROM THE SUPRARENAL 
GLAND OF THE HORSE {(L Bertrand's Method) 

600 gm. of the glands, from which fat lias been removed, are hncly 
minced, introduced into a 2-litre bottle or piekle-jar, and mixed with 
95% alcohol and 5 gm. oxalic acid. Enough alcohol must he used to 
fill the vessel brim-full ; it is then to he (tarel'ully stoppcrc'd and 
shaken at intervals for two days. The eontcnls are tlum liltered on 
a framed cloth, the residual mass being well jiressed (serew-press) 
and the filtered extract is concentrated iiiuh'r dimiiiislied pressun-! 
When the alcohol has evaporated considerable ainoimis of coloured 
substance, lecithin, fats, and the like, sejiaralc. 'The mixliire is 
gently shaken with petrol and transferred to a, sejiaraling funnel. 
When it has settled the lower layer is run oft and preeipdaled by 
adding neutral lead acetate, taking eare to a void excess (if a mistake 
is made, add sulphuric acid). The precipitate- is tillered off and Ihe 
liquor concentrated in vaci/o to 200 c.e. ; a. slighl excess ol' ammonia, 
is added, and the solution set by in a. cool jilaee, not exposed (o the 
air. Yield: 0-8 to I-O gm. 

Purification: The adrenaline is redissolved in .-ibonl 2.', limes 
its weight of 10% sulphuric acid and an eepial voInnK- of alcohol added 
to the solution ; it is liltered and rejireeipilaled by ammonia. 


SYNTHESIS OF ADRENALINE ' 

The steps in this preparation an- : 
Cliloracctocatcchol ; 

Methyl aminoa cetoeatec 1 lo I ; 

Racemic adrenaline ; 

Lflsao- Adrenal i n e . 


Chloracetocatechol 


Catechol 

Monoehloracctie, acid 
Phosphorus oxychloride . 


. .OO gm 

• f'O ' „ 

• -W „ 


Mix the three reagents in a l,500-e.e. llask, lilk-d with rellux eon- 
the preparation of niothylai)unoac,ot.ocatooh(>l will ho (hwea-ihed hero TIun 

8 .. 
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denser and tube to lead away hydrochloric acid gas, and heat for an 
hour on the water-bath. Add 500 c.c. boiling water to dissolve the 
mass, and leave the solution in a cool place for two days. Filter off 
the product and recrystallise from a little hot water, adding bone- 
black to decolorise the solution. Yield : 30 gm. Yellowish needles, 
very irritating to the nasal membranes ; m.p., 173°. 

Methylaminoacetocatechol | 

CeH3(OH),-COCH2-NHCH3. ij 

Chloracetocatechol . . . . ,10 gm. jj 

Methylamine (40% aqueous solution) . 20 c.c. 

The chloracetocatechol is to be finely powdered and mixed with 5 c.c. 
alcohol. Cool the mixture in an ice-salt bath, and add the 20 c.c. 
methylamine solution. The temperature rises ; when the reaction 
is over, stir for a short time and set by overnight. Filter off the y 

crystalline separation, and dissolve it in a little dilute hydrochloric i 

acid ; filter the solution and add just enough ammonia to precipitate : 

the product. Filter, wash with a little ice-cold water, then with 
alcohol, finally with ether. Yield : 5 gm. Yellowish crystalline ^ 

powder. 




232 


ORGANIC MEDIC A MEN TA 


MEUCUniALS ' 


Mercury Benzoate ” (o-Hydroxymercuribenzoic Anhydride) 


Sodium benzoate ..... I5jL»’m. 
Mercuric acetate . . . . .15,, 


Dissolve the two salts each in 50 c.c. watca*. Mix ( lu' solnl ions wit h 
brisk stirrino’. Almost insoluble jnereuric IxmzoaU' s(‘j)aral(‘s out. 
Filter off the ])recij)itate, wash it with wat(‘r and dry. H(‘eryslallis(‘ 
from chloroform. Needl(‘s, m.j)., 1()5'’. 

This is the (true) mc‘reury b('nzoat(‘ of th(‘ pharmacopoeias. TiwaU^d 
with soda it yields mercurie oxi(l(‘, whilst wilh acids il lilx'rattss 
benzoic acid. When it is lusitcsl at 150 '- 175" the nna-cury enters 
the nucleus and e-hyclroxymereurilK'nzoie anhydridt* is fornn'd. 

Carefully dry the mercurie luaizoatc^ Iransfer it to a llask and heat 
it in an oil-bath at UiO" 175'\ until a ((\st j)or(ion dissoh'es in eaus(i<* 
soda solution without .i^lvin/^- a yellow j)r(‘eij)i( aU* of merenrie oxichs 
(During' the heating*, IVcs' Ixaizoie acad sublinu's.) Wash lh<‘ ))ro(luet, 
with ether to rem()V(‘ Ixmzoie aeid. Il then forms a whib' powdi'r wit h 
am])hoteric ju’operties, bein^’ at oiux^ a bas(‘ and an acid. It (lissoh'es 
in caustic soda, formin^r th(‘ salt : 

Hoon, 

and in aecdie acid, forming' I h(‘ sail : 




COM 

Iti’-COyCII.j. 


This acc'tate solution yi(‘lds a i)r(x*ipil ale wilh sodium ehlorid(' 
(avoid any (‘xeess), I h(‘ ehlorid(‘ Ixa'nn- sparinnly soluble in water.- 


MERCURY DIAMINODIHYDROXYDIPHENYL (d/e/v v/rZ-d/- 

p-inuiiKhpitcuo/) 

jj^/(,ir,(()ii).Nii, 

(\.ir,(()ii)Nii„ 

I I 

^ W licro Ihd i)r('j)anil ioji ol two coinpoiiiKls, iK’idw'r of wliicli is atiy loiu>(‘r 

used iti rnedicino. Tlic two pn^pamtioiiH ans houanss’, ( vi>i(‘al of Ihosc^ which 'invoha^ 
the introduction of liu'rcury into tlu' nucltuiH ; \v<‘ tiK'nd'oiv (|no<(' linnn, Ixun^ of ilw 
opinion tha,t HTd)rtia.n<!<‘s ol this clas.s will pla.v a, mon* and inon' important part, in (.h(‘. 
tlicra.])outi(‘.s of Hy[)hili,s. 

“ 1 he mcKuiry Ha.li<‘yla.tci (‘rnployod in ])harma.cy (in comhinalion with Hfxlium 
nicthylarHinate -- PuchoI) Iik(‘wi.s('! contaniH nH'nuiry i'n t he nindisiH. 

iliis (ioni pound is analogous to fSalvarsan. ddiis is a typical (‘xarnpl(‘ of t.lx^ pre- 
paration of a complex monajrial. ‘ 
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The steps in this preparation are : 

p-Nitrophenol ; 

Nitrohydroxyphenylmercuric acetate ; 

Mercury dinitrodihydroxydiphenyl (Di-;p-nitromercuridi- 
phenol) ; 

Mercury diaminodihy droxydiphenyl . 

Nitrohydroxyphenylmercuric Acetate 

Sodium nitrophenoxide . . . . 16*2 gm. 

Mercuric acetate . . . . . 31*8 ,, 

Acetic acid . . . . . . 10 ,, 

Dissolve the sodium nitrophenoxide in the least possible amount of 
water and add a hot concentrated aqueous solution of the mercuric 
acetate and the acetic acid. Soon the nitrohydroxyphenylmercuric 
acetate separates, almost quantitatively. Wash with water and dry 
the product. 

Mercury Dinitrodihydroxydiphenyl 

Nitrohydroxyphenylmercuric acetate . .19*6 gm. 

Sodium sulphide solution ^ equivalent to . 3*9 ,, NaoS. 

Dissolve the nitrohydroxyphenylmercuric acetate in dilute sodium 
hydroxide, pass carbon dioxide to saturation into the solution, filter 
off the mercurial hydroxide which is precipitated, and wash it with 
water. Suspend it in water and redissolve it by adding the just 
necessary amount of caustic soda. Filter, make up to 500 c.c. with 
water, add the sodium sulphide solution (3*9 gm. Na^S), and heat on 
tlK' water-bath for three hours. Mercury sulphide is precipitated; 
liltcu' hot. The sodium salt of mercury dinitrodiliydroxydiphenyl 
s(‘parates on cooling. Yield : 6 gm. 

The UKUTur}^ sulpliide precipitate contains some of the desired 
product. This can be extracted l)y washing with dilute sodium 
ehlorid(‘ solufion (if this ])e not used the mercuric sulphide will pass 
through llu' filter ]ui]:)er in colloidal suspension), and can be pre- 
eipitai(‘d from the extract by sulphuric acid— 2*50 gm. 

Mercury Diaminodihydroxydiphenyl 

Mc'reury dinitrodibydroxydiplumyl (sodium salt) . 0 gm. 

Sodium hydrosulphite ” 

Sodium carbonate 

Dissolve the hydrosulphite and carbonate in 50 c.c. and the phen- 
oxide in the smallest possible amount of water. Mix the solutmns 
and heat at 00° until a test sample gives no yellow colour with sodium 
hydroxide Acidify with acetic acid ; a heavy precipitate will form 
from which the liquid can be decanted. Redissolve the precipitate 

1 A convenient strength for sodium sulphide solution is 10% ; it oxidises fairly 
rapidly, and should therefore be titrated before use. 
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in a little dilute hydrochloric acid, liltcr and add concentrated hydro- 
chloric acid in excess. Mercury dinminodiliydroxydiplu'iiyl hydro- 
chloride is thrown down as white needles. Filter tiicsc off and wash 
with a little alcohol. Yield ; 4 /jm. 

An aqueous solution of the hydrochloride yields I he fre<^ base when 
sodium carbonate is added. The base is sj)arincrly solubl(> in water 
and can be crystallised; it is readily soluble in dihile caustic alkali. 
The alkaline solution is rapidly oxidised by the air, with separation of 
metallic mercury. 
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ARSENICALS 

PREPARATION OF SALVARSAN (ARSENOBENZOL, '‘ 606 ”)i 

This preparation includes those of arsanilic acid [Atoxyl)^ hydroxy- 
phenylarsinic acid, and nitrohydroxyphenylarsinic acid. 

Arsanilic Acid 

Arsenic acid, commercial, 76% . . 200 c.c. 

Aniline , . . ' . . 280 „ 

Put the arsenic acid in an earthenware jar and heat it in an oil-bath 
at 120°— 140°, until most of the water has been driven off (twelve to 
fifteen hours). Cool the aniline to 0° and add it, little by little, to the 
prepared arsenic acid. Stir. Gradually the mixture thickens and 
forms a granular mass, so that eventually it can be powdered. 

Introduce 200 gm. of the powder into an Erlenmeyer flask and heat 
it at 160° in an oil-bath. At this temperature it will fuse ; stir until 
all is molten, then connect the flask with a reflux condenser. Heat for 
half an hour at 100°-170°, then for an hour at 180°-185°. Cool a 
little and add 225 c.c. 25% caustic soda diluted with 225 c.c. w^ater. 
Part of the material is dissolved, the remainder (aniline) separates out. 
When cold, separate the lower layer, shake it up with kieselguhr to 
clarify it ; Alter. To the filtrate add 100 c.c. 25% hydrochloric acid ; 
then make a number of tests, using 25 c.c. of tlic solution each time, 
so as to determine how much more hydrochloric acid should be added 
to give the maximum precipitation. If this is satisfactorily done, the 
mixture will set to a mass. Cool ibr an hour, filter, suspend the 
precipitate in 200 c.c. water and filter again. Recrystallise from hot 
water. Yield : 30% of theory. 

p-Hydroxyphenylarsinic Acid 

IIOC 6 IIPASO 3 II 2 . 

Arsanilic acid ..... 22*0 gm. 

Sodium nitrite . . . . . 7-5 ,, 

Dissolve the arsanilic acid in 400 c.c. 5% sulphuric acid in a 2 -litre 
flask, add the sodium nitrite dissolved in a little w^ater and heat on 
the water-bath until no more nitrogen is evolved. Add barium 
hydroxide solution to precipitate the sulphuric acid (till no more 

^ The preparation of arsenobenzol, as given here, has been described in great detail 
by Kober {J. American Chemical Society^ 1919, 41, 442), but it must not be supposed 
that always a usable product will be obtained ; although it is relatively easy to produce 
arsenobenzol, or, at least, a very similar product, yet it is very difficult to prepare a 
non-poisonous sample. 
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precipitate is formed), filtei’, evaporate to dryness in vacuo. Extract 
the residue with boiling 50% alcohol. On cooling, tlie sodium salt of 
the hydroxyphenylarsinic acid will separate. 


3-Nitro-4-hydroxyphenylarsinic Acid 
/Oil .|. 


C„II, NO. 3 
XAsO'^TI. I 


Sodium liy(lroxyj)lK‘nyIiirsiiiat(‘ 
Sulphuric acid 


Mixed acid 


•huric acid 
Nitric acid (sj). ^r. 1 ■ 


■0 


. /4’m. 

4 (‘.c. 


Cool the sulphuric acid to ()'\ dissolve in it the arsiualc' ; stir, add 
the mixed acid little by Jitll(‘. L(‘t llu' IcinjK'ral iin^ ris(‘ to lo* 
towards the end. Pour into 225 c.c. walxa* and l(‘av(‘ lo stand tor 
forty-eight hours. Filter off the nitro-a(‘i(l. \h(‘l(l : <;5<';,. 


Diaminodihydroxyarsenobenzene (Salvarsdii) 


(Kober, J. A. C. S., 11)1!), //, 1. 12.) 


N itrohyd roxy ] ) I ic n yl a rs i n i c acid 
Magnesium chloride' 

Sodium hydrosuIphit(‘ . 

C'austic soda,, 40‘V;, 


<S*5 gm. 
22 

,110 „ 
c.c. 


Dissolve the magnesium chloride in 550 e.c. waler in a liire llask, 
add the hydrosidphite, which will also rapidly dissolve. 

Make up scj)arately a. sohdion of (he nil rohydroxyphenyhirsiide 
acid in 200 c.c. water wilh (he 0 e.e. eaiislic sod.i. Mix (he (wo 
solutions; heat first lo 40" imlil (he lnri)idily .sellles, liller (piieklv, 
and continue heating 1 he (illrale al. .50 " 00 ’. 'I’lie sah aiMm separale.s 
.slowly as a yellow |)owder. Eiller il (d'f and wash wilh iee-eohl waler. 
Transfer it to a. jxjreelain dish, stir up wil h (.0 e.e. w;der .al 0 ’ .and add, 
to dissolve it, IS e.e. iS";, (amsiie soda. I''ill<a' lo nanoNC iinpm'ilies. 
To the filtered solution add 15 e.e. of a itnxliire of ( api.al paits of 
fuming hydrochloric acid and waha'; I he base is .al lirsi Ihrown onl of 
solution, then redi.ssolved. Dilute the .sohdion wilh I TO e.e. i(a-((ild 
water and pour it gradually iido 025 e.e. (a)ne(ad r.abal hydmehlorie 
acid diluted with its own weight of w.ater and (a.ohal loO". ' S.ilvaisan 
hydrochloride is sparingly .sohd)le in .strong hvdroehlorie acid, and is 
therefore precipitated. Filter it off and dry in a laaenum (h s’icc.al or 
over calcium chloride. Yield : 75";,. 
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PREPARATION OF TYRAMINE 

(p-Hydroxyphenylethylamine — HO*C 6 H 4 *CH 2 -CH 2 *NH 2 * ) 

Benzyl cyanide ; 

|;-Nitrobenzyl cyanide ; 

p-Aminobenzyl cyanide ; 

j9“Hydroxybenzyl cyanide ; 

Tyramine. 

Benzyl Cyanide 

Potassium cyanide, 90% . . .60 gm. 

Benzyl chloride . . . . . 100 ,, 

Alcohol ...... 100 c.c. 

Fit a 500-c.c. flask with a reflux condenser. Dissolve the potassium 
cyanide in 55 c.c. water, warm to 60°, and add the mixture of benzyl 
cliloride and alcohol gradually down the condenser. Pleat for three 
hours on the water-bath. Bumping” may take place, so the opera- 
tion will need attention. 

The mixture will form two layers, the lower, aqueous, layer contain- 
ing much potassium chloride. The upper layer should be separated 
and distilled. The first runnings arc mainly alcohol and water ; 
collect the fraction boiling from 210° to 235°. Vield : 75^5*0 of theory. 

j>Nitrobenzyl Cyanide 

Benzyl cyanide . . . . .117 gm. 

Nitric acid, sp. gr. 1*52 . . . 700 ,, 

Put the nitric acid in a flask, cool it in an ice-salt freezing mixture, 
and run in the benzyl eyanidt*, drop by drop. Shake vigorously and 
s(‘c‘ that tlu' tcanp(‘rature do(“s not rise above 7°. AVhen all is added, 
s('t by i\)v half an hour, tlum pour on much ice. In a few minutes the 
product solidilies to a mass of crystals. Pure jcnitrobenzyl cyanide 
is obtained by reerystallising these twice from alcohol. M.p., 117°. 
Yield : 100 gm. 

jj-Aminobenzyl Cyanide 


jp-Nitrobenzyl cyanide .... 10-2 gm. 

Tin 22 „ 

Hydrochloric acid, concentrated . . 100 c.c. 

Alcohol ...••• 200 ,, 


Put the tin, nitro compound and alcohol in a flask and add the 
hydrochloric acid in small portions, shaking meanwhile and regulating 
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the addition so that the (.(‘luperature k<‘(‘|)s fallow 25 '. When nearly 
all the tin has dissolved, warm to 50 and shaken unt il a. t(‘st portion 
dissolves completely in caustic soda,, |,nvinj[( only a. faintly yellow 
colour. Distil off the alcohol under ditninisht‘d pr(‘ssur(‘ until the 
chlorostannate of the base b(‘^nns to crystallis<‘ out. Filler it off 
and redissolve in a littl(‘ water, cool, and add a, |L»'r(‘at (‘xet^ss of 
caustic sodad; extract with etluu-. When t h(^ <‘tlu‘r is (Iriv(*n off, the 
amine will crystallise. lh‘erystallised from al(‘ohol, it has ni.p. 
Yield: 85%. 

p-Hydroxybenzyl Cyanide 

p-Aminobenzyl cyani(l(‘ . . , O-U ^nn. 

Sodium nitrite ..... t-O „ 

Fit a litre flask with a, lhr(‘e-hoI(‘ cork, earryinjL^ a. I luu’rnouu'lxu’ and 
a dropping funnel ; the th(‘rnioin<‘((‘r and (lie sUun of I he <lropping 
funnel should both almost touch t he boKoni of t he flask. Introduce 
200 c.c. water and 20 e.e. (‘oiuxntrahal sulphuric acid ; h(‘al n<‘arly 
to boiling and add tlu^ aininoixar/yl <‘yani(l(‘. sulphah‘ of the 

base is at first precipitated but .soon r<‘<lissolv('s. K(‘ep llu‘ solution 
just not boiling and run in gradually (through tin* Iong-st(‘mme(l 
funnel) the sodium nitrite di.ssohaxl in ‘10 e.(‘. wahu’. This addit ion 
should take fifteen minule.s, Uh^ lenijxu'al nn‘ Ixdng 0.5 ’ lo 100 ’. 
Nitrogen should l)e steadily <‘Volv<‘d, unaccompanied by ni Irons 
fumes. Add now 50 c.c. water and heat to l)()iling. Add 5 gm. hon<‘- 
blackto decolorise the solution ; lilUu*. Cool, (‘xtraet. twie<' wil h (d her. 
Wash the extract with 25 c.c. saturatc'd sodium l)iearhona((‘ solution, 
then with 25 e.e. water. Distil off (h(‘ (dlKU', (inish I h(‘ distillal ion 
under reduced pressnr(‘. Tin* residin* will Form a eryslallim* mass. 
Purify by distillation invacuo, Jkp., 210/10 m.m. (’olourlesscu'yslals ; 
m.p., Yield : 5-5 gm., s:j%. 

Tyramine Hydrochloride 

Hydroxybenzyl eyanich* . . . .5 gm. 

Sodium . . . . . . 10 ,, 

Alcohol, a.bs()Iul(‘ ..... no e.e. 

Fit a 500-c.c. 11a, sk with a, rellux eonden.sor. .Vrrango il ovx'r a 
tripod and asbestos gauze. Put the eyanidt* and 50 e.e. alcohol in 
the flask, boil, and down tin* condenser dro]> (In* sodium, cut inlo 
tolerably big elmnks, at iiv(‘-minu((‘ in((n*vals. ]h)il for half an hour, 
then add 20 c.c. aleoliol to li(‘Jj) in dissolving the sodium. Jh)il again 
for a quarter of an hour and add 20 e.e. moix* alcohol. Wln-n all th(‘ 
sodium has dissolved, reduce the volume lo about 50 e.(’. by (‘vaj)ora- 
tion under diminished pressure. Cool and nialu* acid to litmus with 

^ Such an ether extraction as thifl is loss iroubh'-somo if the t in double Halt, ih made 
into a sludge with water and poured into the oxcesa of caiiHlic, Huda. All the tin 
hydroxide is dissolved and an emulsion with the other is not formed. — Tr, 
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hydrochloric acid. Extract with 200 c.c. ether to remove the cresol 
formed as a by-product. Make now strongly alkaline with sodium 
carbonate and extract twice with 150 c.c. amyl alcohol. Dry the 
extract over anhydrous sodium carbonate, filter, and shake it up three 
times with 100 c.c. (each time) N hydrochloric acid and finally with 
100 c.c. water. Evaporate the collected acid extract to dryness under 
diminished pressure. The residue is almost pure tyramine h^^dro- 
chloride. Yield : up to 3 gm. 

To purify, dissolve the crude product with 1 c.c. concentrated 
hydrochloric acid in 25 c.c. boiling absolute alcohol. Filter hot. 
f rom the solution silky needles will crystallise. Filter and wash with 
a little absolute alcohol. M.p., 280°. 
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PREPARATION OF CALCIUM GLYCEROPHOSPHATE 

When glycerol is csterilied by phosphoric acid s(‘V(‘ral (\sl(a*s arc 
formed, a considerable nundxa* being t lu'orcl ically possibh*. Most of 
them are split up again in tlu* pnxx'ss and liana' la'inain only tiu' a 
and (3 esters, discussed previously in (*onn(‘(‘l ion wilh tlx' phos- 
phatides. 

Phosphoric acid, crystallis(‘<l . . . aoo gnn 

Glycerine dOO „ 


Heat the mixture for forty hours a I about 1 tO shaking occasionally. 
The mass becomes viscous, black and frolhy, A<ld gm. wab'r 

and about 200 gm. chalk, /.e., uniil no mort' carbon dioxide' is ('volvcd ; 
filter ; wash the precipitate' with a litlh' wah'r. Add milk of linu' lo 
the collected hltrate until it is W(‘akly alkaliiu' ; lillcr. Pass in carbon 
dioxide to saturation, so that tlu' liquor is fainl ly acid ; lilt cr. Kva j)o- 
rate down in a dish until an abundant s<'paralion Ix'gins. Add an 
equal volume of 80% alcohol to tlx' li(pior and lilt('r off 1 Ix' jjroduct. 
To decolorise completely, tala* up t his crud<‘ malci-ial in enough wat('r 
to dissolve it, add a few grams of boix'-black, tiller, and slowly Ix'al to 
95° on the water-bath. Filtc'r boiling, and wash with 50'',, alcolx)!. 

Titration of GlyccrophospJialt's. -J)il)a,si<‘ glyccrophosphaJt's, such 
as the commercial glyc('rophosphal(', an' alkaliix' to methyl orange, 
neutral to i)h(‘nolj:)ht hah'in, faintly alkaliiu' to litmus. Monobasic 
glyccrophosphal('s ar(' ix'utral lo mc'lhyl orange, acid to phenol- 
phthalcin. Jk'fon' titration (of a glyc<‘rophosphat (* oi' fr(*c acid) 
neutralise', if neex'ssary, <‘xactly to j)h('nolphl halcin, then add nxthvl 
orange, and d<‘t('rniiix‘ l lx' remaining alkalinil y. 

Commercial calcium glyc('ro[)hosphat(‘ is analysed as follows 
(Pranyois) : 

Wc'igh out ('xax'tly (>-21() gm. ol* tlx' product, dissohe it in 500 c.c. 


water, add a. dropof jnethyl orange', and run in 


A' 

to 


sulphuric acid until 


the colour change takes ])lac(‘. 0-210 gm. pun' gl vc('rophosphal(‘ 

should need exactly 10 c.c. A'/IO acid. If, for ('xaniph', only 8 c.c. 
ts needed, the product contains only 80% of the mono-cstc'r. 
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PREPARATION OF LECITHIN FROM EGG-YOSK 



Egg powder, ‘‘ dried egg ” (Layton) ^ . 100 gm 

Acetone ...... 600 ,, 

Alcohol, 98% ..... 350 ,, 

Ether. 100 „ 


Put the egg-powder in a wide-necked 1-litre flask, add 260 gm. 
acetone, cork, shake ; set aside for two hours. Drain in a perforated 
porcelain funnel, mix again with 100 gm. acetone ; again drain, and 
repeat the treatment twice with 100 gm. acetone each time. Dry the 
powder in the air. 

Treat it with 100 c.c. cold alcohol, set aside for three hours ; filter, 
stir the paste again with 75 c.c. alcohol, and repeat this treatment 
twice. Collect the filtrates and evaporate them to dryness in vacuo. 
Grind the residue up with 50 c.c. acetone. The insoluble portion is 
the mixture of kephalin and true lecithin, which is generally known 
as lecithin. It is collected, spread out on a clock-glass, and dried in 
the vacuum-desiccator over sulphuric acid. Afield : 10-11 gm. ^ 

The separation of the lecithin and the kephalin is much too difheult 
an operation to be included in this course of practical exercises. 


Alcoholysis of Lecithin (Fonrneau and Piettre, 1912).---Preparc a 
solution of 25 gm. lecithin and 50 gm. methyl alcohol, cool it to 0^ and 
saturate wdth hydrogen chloride. ^Varm on the water-bath to about 
50"^, during an hour, until the excess of hydrochloric acid has been 
dri\Vn off.*" The liquid now forms two layers; the upper contains 
esters of tlu‘ lecithin fatty acids, wdiilst glycerophosplioric acid and 
choline (ehloridc‘) are present in the lower layer. Carefully separate 
and waish the ipiper layer wath a little waiter. Unite tlie aqueous 
solutions and (>xtraet with ether to remove the last traces of fatty 
substaiKvs. Add this ethereal extract to the oil, dry this etliereal 
solution ov(T anhydrous sodium sulphate, and then over sodium car- 
bonate. Distil oil the ether and fractionate the residue under 
diminislied ])rc‘ssure. 

TIvc thcrinonietcr will ri.se rapidly to 200° (at 18 m.ni.). 1 he traction 
200°-20:j° amounts to about 9 gm., and form.s a clear liquid parth 
solidilying at about 12°. The temperature will again rise, and 
between 207° and 210° another fraction of 7-50 gm. maybe eollectec . 
The last runnings, the temperature rising to 230°, amount to 1-5 gm., 
wMsi the residue in the flak weighs 1-5 gm. Thus, altogether, 18 gm. 
of mixed esters is obtained. 

^ Or other make as used on the manufacturing scale. 
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The acid aqueous liquors, containing glyccropliosphoric acid and 
choline, are evaporated in vacuoixta low tenipc^raturc to remove^ most 
of the hydrochloric acid. The residue is taken up in 250 e.e. wat(‘r 
and 10 gm. bono-])laek added. To the almost eolourk'ss filtrate! 
precipitated ehalk is added until no more will dissolve^, then milk of 
lime until a faintly alkaline reaction is <)l)tained ; a IV'W drops of veny 
dilute hydrochloric acid are now addc'd, so t hat th(‘ solution is just, 
acid to phenolphthalein. Filter and (‘vaporat(‘ t lu‘ lilt rat (‘ at a. 
temperature below 55°. Stir the residue with absolute^ alcohol ; this 
will dissolve the choline and calcium chlorides and l(‘a v(‘ tlu^ (*aleium 
glycerophosphate wholly behind. This salt, drical, will wedgh 0 gm. 
Evaporate the alcoholic extract to dryness, dissolve^ tlu* r(‘sidue in 
water, and add just enough sodium carbonate to preeipila((‘ all Uk! 
calcium present. Filter, evaporate to dryness, t r(‘at. th(‘ n^sidm* wit h 
absolute alcohol. This will dissolve only eholiiu' ehlorid(‘ and 
hydroxycthylaminc hydrochloride. Thes(‘ sails may Ix^ sc‘|)arat(‘d 
from the solution by evaporation to dryness and tlun form a 
crystalline mass, somewhat yellowish in colour, weighing ;P5() gm. 
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PREPARATION OF NUCLEIC ACID PROM YEAST 

Fresh yeast ..... 100 gm. 

Water. ...... 140 c.c. 

Caustic soda, 36° Be.^ . . . .16 gm. 

Mix and leave for an hour at 14°. 

Add 10 gm. acetic acid (80%) to neutralise, set aside for a day to 
settle, decant off part of the liquor, filter or centrifuge the rest. Pour 
the liquor (240 gm.) into a mixture of 250 gm. alcohol and 2 gm. hydro- 
chloric acid. Filter off the precipitate ; this in a moist state weighs 
6-5 gm. Rc^dissolve in 10 e.e. water and 5 gm. eaustic soda solution, 
(‘cntrifugc, wash. Treat the clear solution with 0*80 gm. potassium 
permanganate and warm to 75°. Filter. Precipitate by adding 
66 gm. alcohol (90%). 1*11 gm. sodium nueleinate will be obtained, 

or at the best, 2*5 gm. 

PREPARATION OF NUCLEIC ACID FROM CALF-THYMUS ^ 

(Neumann) 

1 kgni. very fresh ealf-t hymns is quiekly boiled with water acidified 
with acetic acid. As soon as tlic glands are hard enough stop the 
boiling and ininec' them in a meat cliopper. Mix tlie mince with 
2,(H)0 (*.('. watc'i’, 100 c.c. eaustic soda (33^/o) and 200 gm. sodium 
ae(‘lat(‘, and heat the mixture on tlie water-bath. After half an hour, 
lh(* gelatinous aeid, a, is obtained; the /i-aeid may be obtained 
by luading for 1 \ hours. Neutralise with acetic acid (150 e.e. 
of 50‘X) acetic aeid is lU'cded for 100 e.e. caustic soda), allow tin* 
liipior to si't lh*, lilter, evaporati* down on the water-bath to 500 c.c. 
and pour into 500 e.e. 96";, alcohol. Filter off the })n‘eipitate and 
r('dissol\'(' il in 250 e.e. water. Warm till tlu* sus|)ondtal matter 
clots (ogct her ; tiltm'. Maki- a mixture of hydroehlorie aeid and alcohol 
in tlu* proportion ol 2 e.(*. coneeidratc'd hydroehlorie to 100 e.e. 
alcohol. Then to obtain tlie free nucleic acid pour the solution of tlie 
sodium salt into thrice its volume of this acid alcohol. Filter off and 
(try l)y washing with alcohol and ether. 1 kgm. calf-thymus yields 
30 to 35 gm. acid. 

1 33° liaurne =- 1-332 sp. gr. (approx. 30% NaOH). The student is advised to be- 
conio acquainted with the Twaddell and Baiime hydrometer scales ; the first is v’ldely 
used in technical practice in England and the second equally so on the Continent. I r. 

^ " Throat-sweetbread.” 
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ALKALOIDS yVND OLTKOSIDES 

DETEEMINATION OP THE NICOTINE-CONTENT OF TOBACCO 

(From Bertrand, Travau.v pratiques de ehimie hiola^ique) 

The method consists essentially in extrnelin^^r ih(‘ alkahml by 
boiling the tobacco with (lilul(‘ acid, i)r(‘<Mi)it at ing it as silieot ungst aln, 
liberating it again by the action of niagn<‘sia, and st^paraling it by 
steam distillation. The distillate is titnited with acid, and so tlu‘ 
amount' of alkaloid present (kdennined ((b B(‘rlrand aiid .)a\'illi{‘r, 
1911). 

Carefully weigh out 1‘2 gin. of (h(‘ lobae(‘o, transler it to a (lask ainl 
cover it with twenty-live tinuNs its w(“ight ot hydroehlorie acid 

(say 300 c.c.). Boil gently und(‘r a rellnx (‘ond(‘ns<‘r for half an hour. 
(If a 500 c.c. flask be used, a. wide glass tul)(‘, suHiei(‘nlly long, will 
serve as the condenser.) Cool the Ikisk und(‘r (la^ lap, lil(<‘r ils con- 
tents through a wad of cotton wool. M(‘asnr(‘ out 250 c.c. of th(‘ 
filtrate and precipitate* the alkaloid by adding silieol ungsl ie a(*id or 
potassium silicotungstab* (in 10*’o solution), (blleel the d<‘ns(' pn*- 
cipitatc by nitration or, b{‘tter, by us(‘ of tin* e(‘nl rirug<', suspt'iul it in 
water containing a, A'W drops of hy<lroehlori<‘ acid and ot 1 Ik* pn'cipi- 
tating reagent, iilt(‘r or e(‘ntrirug(‘ again. 

Transfer this waslu'd nicotiiu* silieol nngsl ale to a small long-ncekial 
distilling llask. Add 3 gm. magiH'sium oxide* suspeiuk'd in a lillk' 
water and steam distil, (t-in* should be lak<'n that llu* llask e()nt('nls 
do not hc'eonie dilut(*d by eond(‘nsalion ; tlu* llask ils('ir sliould lx* 
heated whilst the steam is passing through, so t hat t la* li(juid la'cnmes 
more and more eoncentrat(‘d ; at tin* (‘ud it shoidd amount to oidy a 
few c.c. 

100 c.c. water more than sunie(*s to carry o\<'r 100 200 mgm. 
nicotine. The cpiantity pres(*nl: in tin* distillat(' is del ermiiH'd 
volumctrieally. A standard solution of sulphuric acid is used, such 
that 1 c.c. is equivalent to 10 mgm. nieotim* (l.r., 3-02 t gm. lUSO.i p(‘r 
litre), and as indicator alizarinc'-sulphonie acid, tin* colour changing 
from violet-red to yellow. The result giv<‘s din'ctly tin* nieotim* 
present in 10 gm. tobacco. 

PREPARATION OF ATROPINE 

Grate 500 gnr. fix'sh bcdladonna root to as Ihu* a pulp as possibh* and 
add 25 gm. dry sodium carbonate. Triturat(‘ the mixt uvv i horoughly, 
transfer it to a flask, and shake it for five minutes wit h 300 c.e. of a 
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mixture of 100 c.c. chloroform and 400 c.c. ether. Decant off the 
liquid, shake it with 50 c.c. 10% hydrochloric acid, wash it with water, 
and return it to the flask containing the crushed root. Extract three 
times in this way, using the same ether-chloroform mixture, and care- 
fully preserving the successive acid extracts. Unite these, treat the 
solution with 3 gm. animal charcoal to decolorise it, filter and evapo- 
rate down under diminished pressure at 20°. Add ammonia in very 
small excess and extract with chloroform. Allow the chloroform to 
evaporate ; the oily residue, 1-3-1 *6 gm., will crystallise after a time, 
or if it be seeded. If it does not crystallise, redissolve it in 5-7 c.c. 
warm 90% alcohol, add a pinch of bone-black, and filter hot into 
30 c.c. cold water. The oily pi’ecipitate will soon solidify. 

EXAMPLE OF AN OXIDATION IN THE ALKALOID SERIES— 
Oxidation of Quinine Sulphate 

(Oxidation of an ethylenic side chain, — CH : CHg to ~ COgH.) 

According to Bucher and Rudolf ^ four atomic proportions of 
oxygen are needed, and the reaction takes place thus : 

R-CH : CH2 = R-CO^H -f H-CO^H. 

Actually, it has been found in various experiments that a better 
yield is obtained when five atomic proportions of ox^^gen are used, so 
the reaction is really in accordance with the equation : 

R-CII : CII2 = R-COoH + ILO + CO,. 

Quinine sulphate (4- 811,0). . 44-5 gm. 

Potassium permanganate (for li\'e 

atoms of oxygen) . . .52 „ (in 5% solution) 

Sulphuric acid, IT2SO4 . . . IG ,, (in solution) 

Mix the (piiniiu' sulphate and the sulphuric acid ; all will not dis- 
solve. Add the potassium permanganate solution little by little, 
k(‘(‘ping t he t(*inperature of the mixture about 0° (it should never rise 
abov(‘ 10"). Imnu'diaU' deeolorisation takes place. When all the 
permanganate^ has hecai added, set aside for some hours ; filter. The 
nitrate (‘ontains only uuattaeked (piinine, the quitenine (ehiteiiine) 
and MnO, rcanain hehind. 

Extract th(‘ precipitate three tinu-s with boiling water, liltering hot. 
The acid wall crystallise as the solution cools. The residue may he 
extracted again with dilute sodium hydroxide solution and the liltrate 
(vxaetly luaitralised. As an alternative, the extraction may be carried 
out all at once by using dilute caustic soda. The solution obtained, 
containing the sodium salt of quitenine, must be acidified (to eongo- 
red) with hydrochloric acid, then neutralised with ammonia, a slight 
excess of the latter being used. The product will speedily crystallise 
out in small colourless prisms, readily adhering to the \valls of the 
beaker. 

^ MonatsJieJle fUr Chemie, 1893, 74, 598. 
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PREPARATION OF DIACETYLMORPHINE HYDROCHLORIDE 

{Ilcraiii) 

Morphine' ...... jrn,. 

Aeolic aniiydrido . . . . . 7 ,, 

Heat in a wator-hath at HI)" for six Ixmrs. Disid off 1 lie aoolio acid 
and excess acetic anhydride under diminislied pressure. Dissolve the 
solid residue in 17 c.e. water, deeolori.se wilh hoiie-hlack, preeij)itale 
with ammonia. 

Crude diaectyluiorphine . . . .4 

Recry.stalli,se from live parks of ah.solule alcohol. 'I’he pure pro- 
duct, 3-5 gm., lues m.p. 1(5!)'’-170'’. 

Hydrochloride. — Dissolve the diaeelylinor]>hine gin.) in live 

parts of boiling acetone. Filter and add the re<[uisi(e aiiiouni of an 
ethereal solution of hydrogen chloride (tilraled). The hydrochloride' 
will cry.stalli,se out ; filter it oft and wash wit h acetone, if-gi; gm. 


PREPARATION OF DIGITALIN(E) ' (I-’reueh Codex, l.sfto) 


Higitalis 500 a,,, 

Water 500 ' „ 

Neutral lead acetate .... 125 


Dissolve the lead acetate in tlu' walc'r and grind logi'lher thi' 
digitalis and the solution. Leave llu' mixliire to si and overnight . 
Add enough SO')^, alcohol to nialu' a tolal volume of 2 litres. .Sel hv' 
again foi a. day. Iransh'r the inixtun' lo a ])ereolaling apjiaralus 
and extract by tlisjilaceuK'nt. threi' limes. Final volume of li(|uid ; 
4litres. Add 20 gin. sodium hiearbonale. F\ a|>oraledo\vn lo l,200e.('., 
then add water to maki' uji tlu' volume lo 2 Hires ; .sel by for I wo da vs. 
Siphon the dear liquid away and llller oft the pr('ei))ilaie. (This will 
take a long time, and it is bet ter to use a I'cnl rifuge if one is available. ) 

Suspend the preeipitate in ■'500 gm. K0';„ aleoluil ; boil, l.ein e over- 
night and boil up again. Add .5 gm. neutral lead aeelale, and 10 gm. 
bone-black. Boil up again and Hlti'r, washing the residin' svilh 
alcohol. The solution obtaiiu'd has a di'i'p greenish-brown colour. 
Distil off the alcohol, adding, before it has all evaporated, 2S gm. 
powdered wood ehareoal. The cold charcoal residin' so oblaiued is 
then ground up with a little water, liltered. washed, ilrii'd and 
extracted for a day in a Soxhlet apparatus wilh chloroform. The 
chloroform is distilled off. 


The residue from the chloroform extract is to be dissolved in .50 fun 



247 


PREPARATION OP DIGITALIN{E) 

90% alcohol. Add 0-50 gm. lead acetate, 0*50 gm, bone-black, and 
boil for ten minutes. Cool, filter, evaporate the filtrate to dryness. 
Take up again in 5 gm. alcohol ; add 2*5 gm. ether, 7*5 gm. water, and 
seed the mixture with a morsel of isolated digitalin. 

Gradually the product will separate, accompanied at first by a 
little oil. Filter it off on the following day, wash first with ether (the 
oil will ])ass through the filter-paper), then with water 0*28 gm. 

The ether-alcohol mother liquors (50 c.c.) yield, on standing over- 
night, another small crop, adhering to the walls of the vessel. At 
the bottom of the vessel will be found some gummy substance. 
Filter off the digitalin 0*09 gm. 

Total yield : 0*37 gm., equivalent to 0*74 gm. per kgm. of leaves. 

lledissolve this product in twenty times its weight of chloroform, 
0-08 gm. remains undissolved. Evaporate to dryness, take up the 
residue in 3 gm. alcohol, and reprecipitate with ether and water, as 
before. The product now weighs 0*21 gm. 

Treatment of the crude digitalin from the first alcohoUether precipita- 
tion, — Dissolve the powdered substance in twenty times its weight of 
chloroform (a considerable proportion is insoluble), filter, evaporate 
to dryness in vacuo. Redissolve the residue in twenty parts of hot 
90% alcohol, treat with bone-black ; filter, wash. Evaporate down 
to 20 c.c., add an equal volume of ether, then of water. Set aside for 
some hours. Part of the digitalin will separate. Add more water 
and more ether, little by little, to make forty “ parts ” in all, the 
volumes of the ethereal and aqueous layers being about equal. 
Filter after two days, wash with ether and water; dry. Redissolve 
in twenty parts of chloroform, filter off the insoluble portion, evaporate 
to dryness. Take up again in — 

10 parts alcohol, 

5 parts ether, 

10 parts water. 

A homogcaieous mixture, not two layers, will be obtained. Set aside 
for two days to preei})itate. 
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PREPARATION OP BETAINE HYDROCHLORIDE {Avidol) 

Chloracetic acid. 

Ethyl ehlorac(‘talc‘. 

Trimethylaniine. 

Beta i n e 1 1 yd roe- hi or i d ( ‘ . 

Chloracetic Acid 

Acetic acid, ^dacial .... 150 ^nn. 

Sulphur ...... 05 ,, 

Fit a 500-c.c. flask with a ruhlxa* buu^r carryin^r (i) a leadinn- (uIk^ 
for chlorine; (ii) a safety-tube also projecting' into the Ii<|uid ; (iii) an 
upright condenser to which is conn(‘eted a lube lo !(‘ad (lu* (‘\’olv<‘d 
gases into milk of lime. Heat tlu‘ inixtun' of acelie acid and sidpliiir 
gently, not above lOO*", and pass in ehloriiu* (from a laboralory 
generator or from a eyliiuha’ of con\pr(‘ss(‘d gas). TIk^ apparatus 
should be exposed to sunlight or lo an <‘Ieelric light of at least 50 e.p. 
Continue to pass clilorine until a droj) of th<‘ Ii<}uid in a test tulx' will 
solidify when cooled. According to th(‘ slnmgtli of I la* illuiuinat ioii, 
the operation will take from six hours to t wo days. Disl il, eollael ing 
that which passes over from 150' to 195'’. Set this to ervstallis<‘ in 
the ice-chest. Filter (piiekly. Hedistil the liltrat<\ (‘olh'eting lh<‘ 
fraction this tinus r(‘p<‘at tlu' op{‘rjit ions, making a linal 

fractionation at ISO '-190". 

Chloracetic acid has l).p. ISO '. Meld : SO r25 gm. 

Ethyl Chloracetate 

Chlorae(*tie acid ... . . 150 gm. 

Absolute alcohol .... 100 ,, 

Sul])huric acid, sp. gr. I'S l< . . . 15 ,, 

Fit a- 500-c.c. llask with a, ndlux condi'nsi'r, mix I h(' ehloraeel ie acid 
and the alcohol togidher in the llask and add I hi' sulphuric acid 
gradually. Heat on the water-bath for Ihn'i' hours, (bol, add 
450 c.c. water, separate, wash the oil wilh 200 e.e. wati'r, dry it over 
calcium chloride. Distil. B.p., 1 1 1 " M- 1.'5 Viibl : MO gm. 

Trimethylamiiie 

(1) If fidrn‘']th>ridt’. 

Ammonium chloride .... too gni. 
Trioxymothylime ..... 205 

Mix the reagents in a 500-e.e. llask, attach a r(41ux (‘ondimser, and 
heat the mixture at first on the water-bath, then in an oil-bath, so 



PREPARATION OF BETAINE HYDROCHLORIDE 249 


that the temperature rises gradually to 180°. Keep there for two 
hours. Carbon dioxide begins to be evolved at about 125°, but 
eventually the evolution of gas ceases. Cool ; the flask contents will 
set to a crystalline mass. The reaction is almost quantitative. The 
product may be purified by dissolving it in half its weight of hot water. 
Cool in ice and. filter quickly. Do not wash the crystals. 

(2) Benzene Solution of TruiUifltijlmnUte. 

Caustic soda in small lumps . . . 200 gm. 

( Trimethyl amine hydrochloride . . 100 ,, 

1 Water 100 „ 

Fit a l,()00-e.c. flask with a dropping funnel and reflux condenser ; 
connect the upper end of the condenser, via a small empty flask, with 
a drying bottle containing sticks of caustic soda ; attach to the exit 
of the drying bottle first another empty flask, then a three-neck 
Woulff’s bottle ; fit the second neck of the bottle with a safety tube, 
the third with a tube dipping into a small flask. Put 200 c.c. dry 
benzene in the WouHFs bottle and a small quantity, to cover the end 
of the leading tube, in the last small flask [cf. Fig. 22). 

Immerse the flask, containing the 200 gm. caustic soda, in a pan of 
boiling water, and run into it, drop by drop, the solution of trimethyl- 
amine hydrochloride. Some trouble may be caused by sucking back, 
so care should be taken to add the solution in a steady stream. 

The benzene solution of trimethylamine may be titrated, like an 
alkali, with N sulphuric acid. 1 0 c.c. N acid are equivalent to 0*59 gm. 
trimethylamine. 


Ethyl Dimethylaminoacetate Methochloride 


Ih'uzcme solution of trimethylamine (at 20% = 6 gm. 
1 rinu‘thylamine) ...... 

Ft hyl elilora(*(‘late ...... 


Mix t li(‘ reagemis in a 150-e.c. bottle fitted witha screw or clip stopper 
((•.)>., ii brer l)nt I Ic) a! a lo:o iemperature. Quickly stopper the bottle. 
Tlu' inixiure nipidly becomes hot and a white precipitate separates. 
After some liours 1 lie contents of the bottle will have formed a 
ery.stidline mass. AVnip the bottle in a stout cloth and heat it for an 
luiur in a water-bath to carry the reaction to completion. Cool, 
liltcT, and wash the product with ether. A theoretical yield of ethyl 
dimethylaminoacetate methochloride is thus obtained. 

d'his product is hydrolysed by treatment with boiling 20° « hydro- 
chloric acid. 

Betaine Hydrochloride 


Ethyl dimethylaminoacetate methochloride . .15 gm. 

Hydrochloric acid, 20% ^00 '’•t'- 

Boil together under reflux for three hours. Evaporate to dryness 
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under diminished pressures Tak(‘ u[) t he n'sidiK* in boilin^r 
Splendid colourless crystals scparat.(‘ on coolin^n \'iel<l : 

This hydrochloride, the trade nani<‘ of which is Acidal, is acid to 
litmus and may be titrated. lik(‘ a, slron^^ acid. It is chiefly us('d inix(si 
with pepsin in the form of tablets {AvUlol-pcpsin). 
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PREPARATION OF SODIUM CINNAMATE {Hetol) 

Benz aldehyde. 

Benzylidene-acetone. 

Cinnamic acid. 


Preparation of Benzaldehyde {Sommelet) 

The process is based on the reaction between benzyl chloride 
and hexamethylenetetramine in aqueous-alcoholic solution. The 
formation of benzaldehyde is to be regarded as taking place in two 
stage's : the first stage corresponds with the combination, molecule 
for molecule, of benzyl chloride and hexamethylenetetramine, a 
quaternary ammonium salt, the benzochloride of the base, being 
formed, thus, 

CeHs-CH^Cl + CeHi,N4 = CeHi,N3 : 


111 tlie second stage this salt undergoes drastic hydrolysis, benzyl- 
amine and other bases, the molecules of which contain the groupings 

•tir, : N- or ' being formed. The latter, under the eondi- 

\N : , ■ 

tions of the reaction, dehydrogenate the benzylaininc, converting it 
into an imino base which is immediately hydrolysed to benzaldehyde 


and ammonia, thus : 
t 


(\,H5 CH3 NH., -h CIIo< 


/N = 


Cl/ = 

C„IL CH=Nn > t’ell-CIIO + NH3. 


Hexamethylenetetramine . . 35 gm. {\ mol.) 

llenzyl chloride . ■ ■ ■ 3'2 ,, 

Alcohol, SO';.;, .... 300 e.c. 


Kit a litre Hash with a rellux coiulciiser, introduce the reagents and 
boil on the water-bath for four hours. Distil olf most of the alcohol 
(t he distillate is alkaline). The re.siduum in the flask separates into 
a lower aqueous layer and an upper oily layer containing the benz- 
aldehydc. Add about 100 e.c. water and extract several times with 
ether. Unite the ethereal extracts and wash them with a little 10 
sul phuric acid to remove a small amount of basic substances. Remove 
the ether by distillation and shake the oil with an excess of a concen- 
trated sol ution of sodium bisulphite ; a voluminous crystalline separa- 
tion will form. Set aside for several hours, filter the product off and 
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wash with a little alcohol. l)<‘eoin|)ose (he lasulphile eonipouiKi Py 
treating it with a small exc<‘ss ofsoditim earbonal(‘ or dilute sulphuric 
acid. Extract the ahh'hych* willi ether. Jhp., 178 IKO'. Yield: 
about 70% of tli(‘ theoreti(*al. 

An alternative, perhaps siinpha*, j)roe(‘dure is to add sulphuric 
acid in excess to the* r(‘sidu<‘ in tlu' llask after the ahadiol has Ix'cui 
distilled off, th(‘n to steam distil. Extract I ht* (list ilhde with heie/tau* 
remove the benzene and purify llu‘ enuh* aldehyd(‘ through the hisuh 
phite compound as al)ov(‘. 


Cinnamic Acid 

I.s7 Mrt/ind. 

(i) Benzylidene-acetone (IVh'thyl siyryl ke(one), 

Id gin. 

1.8d0 ,, 

80 ,, 

Id ,, 

Agitate the inixlure A vigorously and add thr ciuislic soda U 
gradually. Leave togellier for rour days, shaking rnaincnllv. Kx- 
traet with ether, dry (he e.xiraci over eali'iinii eliloridi', distil. .Vlh r 
removing the edier, eonliniic Ihe disi dial ion under iliininished j.res- 
sure. Collect that which |)ass<'s over up lo Kio'; the residue is 
di benzyl i < 1 e n e - aeel o n e . 

Benzylidene-aeelone lias h.p. (.at g-, ,,11,1. _ n 

Dibenzylideiu-aeelone. C()(('il ; ,),,, has ni.p. t I L' . 

(ii) Oxidation of the Benzylidene-acetone. 

llcnzylidi'iie-aectone . ... ■)iiiii 

I Bleaching |)ow(ler, with ahont av.ad.ahle 

I chlorine •■•... ]•> 

I Aidiydroiis sodium (■a.-iiaiia.li- . . I 

lioin these reagents pre|iare an approxiniati h soilimn 

hypochlorite .sohdion, warm to SO ' <»(» , and ad<i thi- heir/vlidene- 
acetone. Shake vigorously in a stout llask, imslopp,.ring IVoiu 
time to time to allow earhon dioxide and ehlorofonn lodseape 
lycp the temperainre at KO' and eonlinue I., si, aim nnlil all 
the 01 IS dl.s.soIved. Cool, add dihile siilphnrie acid to pireipi- 
tete theynmamie acid. Killer, wash, reeryslallis,. I'rom waler. 

iVl.p.j 1»33 . 

by^ther ^ Ike mother liiiuor 


n{eiizal(leliv(le 
A Water . 

I Aec^toiu* 

B. Caustic so( In, 10", . 



PREPARATION OF SODIUM CINNAMATE 


253 


2nd Method [Application of Perkins^ Reaction), 

Benzaldehyde, redistilled . . .25 gm. 

Sodium acetate, fused ^ . 12*5 „ 

Acetic anhydride ..... 37*5 „ 

Heat the mixture under reflux for eight hours at 180°. Pour into 
cold water. Steam distil to remove unchanged benzaldehyde and 
to convert the excess of acetic anhydride into acetic acid. Add 
sodium carbonate and decolorise with bone-black. Filter and pre- 
cipitate by adding hydrochloric acid. Yield : 15 gm. 

To prc])are lletol, dissolve cinnamic acid with the exactly necessary 
amount of sodium hydroxide (titrate) and evaporate the solution to 
dryness. 

^ Fused sodium acetate is prepared by heating the crystalline salt (3H2O) in a dish 
(a small enamelled iron bowl is a suitable vessel. — Tr.) over a naked flame. First the 
crystals melt in their water of crystallisation, then, as this evaporates, a white granular 
mass remains ; on further heating (the mass should be stirred continuously) the whole 
fuses. It is then poured out on to a plate or sheet of enamelled iron and quickly 
powdered. 
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PREPARATION OF ALLYLTHIOtJREA {Thiosi,, amine) 
Allyl iodide. 

Allyl i.vo-tlu(>c!ynnal:(^ (Miislnnl oil). 

Thio.sinatnine. 

AUyl Iodide 


Iodine lOaf-in. 

Glycerine ...... |,‘io 

Pliosphonis, red . . . . . .'{K 

Fit a 2i-]itre tubuhilcd relorl with ii (lro|)j)iri( 4 ' runnel and arrain'c 
it so that the beak inojeels well inlo a loiii^'-neeked (lask cooled liv'^a 
stream of wah'f. Put llie f>iyeerine and Ihe pliosiihorns in lli<' rdoil, 
warm gently and .shake lo disiribnie Ihe |)lios|>horns in Ihe li(|uid.' 
Add 15 gm. iodine and shake aga,in. \^'arin earendly over a naked 
flame and distil over aboni 25 gin. of liijiiid. .\dd lids dislillale lo 
the remainder of the iodine in a small llask and Iransl'er Ihe saliiraled 
.solution of iodine .so obtained lo Ihe relorl Ihrongh Ihe dropping 
funnel. Ilepeat the operalions unlil Ihe whole of Ihe iodine has been 
introduced. Distil the mi.'clnre as far as |)ossihle. 'I’he dislillale will 
form two layers, allyl iodide being al Ihe hollom wilh a nii\lnre ol 
allyl alcohol and waleraiiove. Separale I he lower layer, wash il wilh 
a little dilute eau.slie .soda, and dry over ealeiinn chloride HeelilV • 
b.p., lor-102''. 'i'ield : III gtn. ' ’ 

The u])per layer may he distilled and Ihe allyl .-ileohol used I,, pre- 
pare allyl bromide, from which Ihe iimsiard oil ma\' e(|nall\ well he 
obtained. 


Mustard Oil 

Allyl iodide ,,,,, 

Ammonium thioeyanale . , ,S " 

Alcohol, ... ;j- 

Hoil under relliix for half an hour. .Vdd 100 <■.(■. waler. 
with 100 e.c. ether. Wash Ihe exlrael wilh K) e.e. w.alei- 
anhydrous sodium snlphale. Distil; nearly all'nasM-s 
11.5'M50'. Yield: ,S gm. ' 


I'Alr.-iel 

(ll’V 

<>\CI’ .'ll 


Tluosinamiiie 

Allyl /.sy;I hi()cyiuia((‘ 

Arninoiiin, acjiu^ous soliilion 


bha a; together aiul warm gently until a homogen.'ous solul i,,n is 
orincd. Lvaporay down at a low lempei-al nre. 'I'he residue will 
crystallise, partieularly readily if it b<-.s<vded. , ■Heeryslallise I he crude 
product, after it has been carefully dried, .JVom a'mi.xinre of ethyl 
acetate and bexizenc. M.p., 78 ^^. 
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PREPARATION OF p-IODOANISOLE 


(Replacement of the group -NHa by I— Sandmeyer.) 

KI 


CH^OCeHpNaCl 


-> CH30 CeHpI + N, + KCl. 


p-Anisidine .... 

. 12 

Hydrochloric acid, coned . 

. 90 

Water ..... 

. 150 

i Ice 

. q,s. 

1 Sodium nitrite 

8 

'Water 

. 50 

1 Potassium iodide 

. 25 

' Water 

50 


A thiek-walled glass beaker or earthenware mug of about 500 c.c. 
ea|)acity, fitted w'ith a mechanically-driven stirrer. 

Make ipj the solution A in the mug, adding enough ice to give a 
tcMiiperature of 5°. Stir \igorously and run in the solution B slowlv. 
T1 K‘ mixture turns violet in colour, then yellow, eventually a pale 
brown. When a droj) on starch-iodide paper gives definitely the blue 
s[)ot indicating IVc'c nitrous acid, add no more nitrite. 

Transfer the diazo solution to a litre llask and add the solution C 
all at once. A precipitate forms, but no other reaction takes place. 
Set })y for thre(^ hours, then heat up gradually on the water-bath. 
Ni(rog(‘n is evolved, and oily globules separate. Make the liquor 
weakly alkaline^ cool. Filter off the crystals, dry them in the air and 
r('er\'slallise from low b.p. petrol. M.p., 51^-52^. Yield : 20 gm. 

p-Iodoanisok‘ is us(‘d to ]n’(‘})are j;-iodoxyanisolc — Isoforni, 

This eompound is ex])losi\n‘ and so its preparation will not be 
inehid(‘d in our list , 



A 

■ % 


IB 
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''.'Z 
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HIJjLIO(iRAl‘ItV > 


Some references lo I Ik^ lilcrul iire ur<‘ jfiveii in I he l<'\| • ([,,> 

abbreviations used shonld be self-explaiiafory. In niosl euses,' even' 
if only a date is jiiv'en, flu; Ahsirad.s seelion of l!i<- JoiiriKil tif'lhr 
Chemical Society will eitlHT ^ivc' enoiifjh addilional inlurnuil i,in 
show where it ean be Ibimd.- 

Many of the works referred (o below eonhiin eoiiions references 
and both for thes<! and lor Inriher ”'<‘n(‘ral inforniul ion I he vurions 
articles in Thorpe’s Dictionaty of .Ipplied ('hrini.yri/, lii2l •> |, 
(London: Longmans), may be eonsniled. 

Valuable summaries of progress made during eueh vear will be 
found in the Jnmiat Heporte of the Crooress of.IppUrd ( 'hewhtnp issne.l 
by the Society of Chendeal Industry (^'ol. I, K,nc ('lie'nne-ds 

Medicinal Substances and Lssenlial Oils Seelion (se,‘ relbrmnvs below).' 

General.— A general aeeon Ml ehielly from lb,' <'b<'mi,nl poird of 
View will be found in 7'Ae Vhemhlrii of Sipilhetir liraos |,v I> AI-i,v 
3rd edition, lim (London: Longmans); Ibe mminrae’lni'ine aM,e';.|’ 
of the subji'ct is treated m Organic Mediriiidl Cheiuirols (South, ■Ur oiid 
NaiuralfhyM. Ilarroweliff and V. If. {’arr, li)2I (London : Hallibre 
Tindall and Cox) ; and the medical side may be approached Ibroimb 

Martindale and VVesteolt’s L’.r/rn Pharmo.’opodo (I don • L. wis) " 

Chapters I-IV.-See .Ipphfd (%-o>is/rp h>,.,,„rts, i. o-',, 

ben/?’ VI’ '"<l"’'lnal preparalion .T ebloro- 

benzene, ehloromlrob,.n/,<.ne, e-nilroanis.de, /i-aminopbenol, sidievlie 
acid, dnnelhy am ine, e(e., is di-seribed in .L C. ('.•liM's Monof,o-l,nY of 
htimnediate Prodnetx joy Dp,,,, 2n<\ islilion, ini!, (|,,,„don- Ma, 
inillan). 

Chapter V. Applied (dicnus/n/ J\*cp()r(s\ \'II, 500 ■ \’iii 

531 , and carli(‘r volnnubs. ’ ’ ^ , 

Chapter VI .- (dionlstru licpurts, I -\'l, jind 52.S 
Chapter YLl.— Applied (diemis/rif Reporls, \\^ r,()r>, r>m : \'1 1 1, 533 

Chapter Vin.-77n- Orgmi/e 

Chf?i!f vf^’t ’ / Monographs on ImliiMrial 

Chcniisti}), Applied C Jicuiistry Reporls^ VI, 530 ; \'ni^ 

"/-'d/eremv/, by K. widl.nore, 
19-1 (Niw’i Oik ; Chemieal (atalog Co., Ine., A. C. S. Monoemphs) 

xi'p'phed C henmirij Reporlft, V, 503 ; VII, 507 . I ■ A 

^ Tran.slator’H addition. 

“ The patent and teolmieai literature i.s-not cainpletelv covereil 
S-IO 
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Chapter X. — 1 he Simpler Natural Bases, by G. Barger, 1914 
(London : Longmans, Monographs on Biochemistry) ; see also Applied 
Chemistrij Reports, II, 492 ; V, 492. For Thyroxin, see ibid., Ill, 
451. 

Chapters XI, XII. — Lecithin and Allied Substances, by H. Maclean, ' 
1018 (London : Longmans, Monographs on Biochemistry) ; Nucleic 
Acids, by W. Jones, 2nd edition, 1920 (in the same series) ; see also 
Applied Chemistry RepoHs, VII, 494 ; VIII, 520. 

Chapter XIII. — Sec all Applied Chemistry Reports, the Annual 
Reports of the Chemical Society, and Henry’s Plant Alkaloids (London : 
Churchili), 

Chapter XIV. — The chapter (XV) on Protective Synthesis in 
Parsons’ Fundamentals of Biochemistry, 1923 (Cambridge : Heffer), 
is oT intc^rcst. 

Practical Work : The following books, among others, will be found 
iisc'ful : 

Preparation of Organic Compounds, by E. de B. Barnett, 2ncl 
edition, 1920 (London : Churchill). 

Organic Syntheses [an annual publication of satisfactory methods 
for the preparation of organic compounds), by R. Adams, J. B. 
V.oiiant, H. T. Clarke, and 0. Kamm, Vols. I-IIT, 1921-28 
(New York : Wiley) ; 
and a vast niimbcT of recipes is given in : — 

L. Vanino’s Handhuch der prcipar alive n Chemie, II, Organisclur 
Tcil, 1923 (Stuttgart : Enke). 

In (‘xp(‘rimental work on a larger scale than is usual in an organic 
(‘luunistry laboratory, Mason’s translation (or the original) of Fierz- 
David’s FinnUnnental Processes oj Dye-Chemistry, 1921 (London: 
Churchill), will be hclplul. ^ 
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Tlu' index is ;ili)hai)etie.al : nitrohydroxyphenyJarsinic acid, for example, is put under IST. The 
( hemieai Sneii'ty’s nnmenclature is used except for, e.<7., mtraniiine, where the shorter form is well 
(‘stai)li.shc(l ; or for, e.f/., di(‘thyla<H;tie acid, where confusion would arise. On the pages indicated by 
iiguia's in heavit'r typi' practical details will be found. 


Acetals, 45 
Acetanilide, 10, 205 
Acetic anhydride, 199 
Acetophenone, 46, 223 
Acetotoluidide, 20 
Acetyl chloride, 198 
,, nitrate, 194 
Acidol, 248 
Acoine, 55, 64 
Acriflavine, 70 ^ 

Adaline, 47, 229 
Adenine, 154 
Adenosinic acid, 154 
Adrenaline, 117, 110, 230 ' 

,, , physiological action, 122 

Airidol, 114 
Airol, 78 
Aldogen, 75 
Algolan, 52 

Alkaloids, (hdinit ion, (‘xl ruction, etc., 161 
Allyl iodide, /'so-tliiooyanatc, tdc., 254 
Aluminium amalgam, reduction with, 11 
Alypine, ()2 

p-Aminobenzoic acid, 219 
p-Aminobenzyl cyanide, 236 
5-Amino-2 : 4-dihydi’Oxyplieiiylarsmic 
acid, 107 

/)-Aminophenol, 1 1, 202 
Amylene gly<‘ol, 45 
“ Amylene hydra, 1(‘," 45 
Amylurea, 17 
Anuesthesine, 55, 62, 220 
Anaesthetics, 12 

, local, 6S 

Analgeii, 2S 

Analgesine (■''•cc Ant i j)yi'inc). 

Aniline, 204 

o Anisidine, I, 195 

Antilebrine (-su'c Acetanilide). 

Antipyretics, action of, 15 

Antipyrine, 1<S, 55, 207 

Antiseptics, 70 

Antodyne, 24 

Apolysin, 22 

Aponal, 47 

Apothesine, 64 

Aristol, 75 

Aristoquinine, 27 

Arrhenal ('S’ce Methylarsinie acid). 

Arsacetine, 06 

Arsalyte, 90 

Arsanilic acid (.xcr Atoxyl). 


Arsenicals, experimental chemotherapy 
of, 99 

Arsenobenzoylquinine, 27 
Arseno compounds, 90 
Arsenobenzol [see Balvarsan). 
Arsenophenylglycine, 96 
Arsinic acids, 87 
Arterenol, 121, 122 
Asciatine, 46 
Aseptol, 73 
Aspirin, 18, 31, 209 
Asurol, 113 
Atoxyl, 86, 95, 235 
Atropine, 244 
Autan, 75 
Azophenetole, 201 


“ Bayer 205,” 74, 80 
Benzaldehyde, 251 
Benzoic acid, 216 
Benzosal, 0 
Benzosalin, 32 
Benzoyl chloride, 217 
Benzyl alcohol, 64 
,, cyanide, 237 
Benzylidene-acetone, 252 
Betaine Acidol). 

Betol, 31 

Bismal, 78 

Bornyval, 46 

Brilliant g'leen, 70 

Bromobenzene, 215 

Bromodiethylacetyl chloride, 229 

„ urea ^ Adaline). 

Bromonitrobenzene, 5, 200 
Bromovaleryl <‘hloridf and hruinide, 225 
,, ui‘ca {■''•ff Hro mural). 

Bromnral, 47, 224 
Butyn, 60 


Cacodyl, 82 
Cacodylic acid, 83 
Carbolic acid, 72 
Carnaubon, 137 
Catechol, 5 
Chavasot, 73 
Chinosol, 74 
Chloracetic acid, 248 
Chloracetocatechol, 230 
Chloracetone, 210 
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Chloracetyl ('lilorule, use of, {) 

Chloral hydrate, 45 
Chloralose, 46 
Chloramine T, 77 
Chloretone, 44 

ChlorohydroxyMohutyric acid, 221 
»» „ „ (4 hyl and propyl 

esters, 222 

4-Chloro-2-methylpl:enylaisiEic acid, 106 
Chloronitrohenzene, Ji, 4 
e-Chlorophenol, 7 
Choline, 142 . 

Cinnamic a(!id, 252 
Cocaine, 55, 56 
Collargol, 78 

Copper salts (of alkaloids), 165 
Coryhn, 78 
Cosaprin, 21 
Cotarnine, 134 

“ Coupling (of diazo coinpouiidH), M 

Creoline Pearson, 73 

Cryogenin, 1 7, 1 8, 25 

Crystallisation, 185 

Cuorin, 137 

Cupreine, 26 

Cytidinic acid, 154 

Cytosine, 154 


Dermatol, 78 
Dial, 48 
Diaspirin, 32 
Dichloramine 77 
Diethylacetic acid, 227 
Diethylraalonic acid, 227 
Diethylmalonylurea {w V(‘ronaI). 
Digitaline, 246 

2 : 4-Dihydroxyphenylarsinic acid, 106 

Dimethylamine, 213, 214 

Dimethylaniline, 211 

Dioform, 13 

Diplosal, 32 

Distillation, 179 

Dormiol, 46 

Dulcin, 22 

Duotal (liiaiacol carl)oiiat<*). 


Eau de davcl, 76 
Eccaine, 56, (54 
Eegonine, 56, 57 

Elimination, by the organism, 8, 20, 177 

Enesol, 1 1 3 

Ephedrine, 131, 135 

Epicarin, 73 

Epinine, 122 

Ergamine {sev Iminazolyk'lhylaininc) 
Ether, 44 ‘ 

Ethone, 45 
Ethyl bromide, 199 
„ dicthylmalonatc, 227 
„ <lim(4hylaminoacclate (metlio- 
chloride), 249 
,, cthylmalonativ 227 
Eucaines, 59, 60 


Eucupin, 27 
Eudoxine, 78 
Euphorine, 21 
Euphtalmin, 60 
Euquinine, 27 
Europhen, 7<> 

Exalgine, 21 

Excretion (-v'c Klitninatimi). 


Formalin, 75 
Pormanilide, 20 


Geosote, *.) 

Glycerophosphoric acid, Mo, ^40 
Glycine, 12 
Glycosal, 32 

Grignard’s naiclion, 41, 62. 214, ct<‘. 
Giiaiacol, 1, <}, 195 

,, <’arhonal<', 9, 496 

,, OMtdphonic acid, th 196 

Guaiacophosphal, 9 
Giiaiasanol, 9 
Guanine, 154 
Guanylic acid, 153 
4 


Halazone, so 
Hectine, 96 
Hedonal, 47 
Hermopheiiyl, 1 14 
Heroin, 246 
Hetol. 251 

Histamine (.vrr 1 miiia/(.l\ let ji\ Ifunioe). 
Hoimann’s react ion, !6H. 170 
Homorenon, 122 
Holocaino, 55, t; I 
Hordenine, 126. 130 
Hydrastine. 133 
/cHydroxybenzyl e\ aiii<|('. 238 
l -Hydroxy 2 earh()\ vi>lieii\ lar .ini.' iu 
107 

P Hydroxyphenylarsinic arid, 235 
Hypnal, 39. 16 

Hypnono (.sec AeetcphciKine). 
Hypnotics, art ioti <d. It), 51 
Hypoxanthino, 15! 


Ichthyol, 77 

P Iminazolylothylamino. 1 2.s 
6-Iiidolethylamine, 1 3( ) 
Inosiiiic acid, 154 
Intramino, 77 
P-Iodoanisole, 255 
lodofan, 76 
lodotorra, 75 
IsoSorm, 76, 255 
Isopral, 4 1 


Jecorin, 138 
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Kairin, 28 
Kairolin, 28 
Kephalin, 147 
Kharsivan {fsm Salvarsan). 


Lactophenin, 17, 22 
Laudanosine, 134 
Lecithin, 136, 139, 145, 241 
Lodal, 134 
Losophan, 76 
Luargol, 1)5) 

Ludyl, 1)1) 

Luminal, 48 
Lupinic atud, 167 
Lupinine, 167, 170 
Lysocithin, 143, 149, 150 
Lysol, 73 


Malachite green, 79 
Malonic ester, 226 
Maretin, 25 
Melubrin, 25, 31) 

Mercuration, 112 
Mercurials, 108, 232 
Mercuridipropionic acid, 111 
“ Mercury benzoate,” 232 
Mercury diaminodihydroxydiphenyl, 115, 
232 

Mesotan, 32 

Methylaminoacetocatechol, 119, 231 
Methylaniline, 211 
Methylarsinic a.<‘id, 83 
Methylchloroiorm, 43 
Methylene chloride, 43 
Methylethylchloromethylcarbinol, 214 
Methylethyldimethylaminomethylcarbinol, 
215 

Methyl iodide, 193 
,, salicylate', 32 
Methylmercuric iodide', 1 1 1 
Metol, 12 
Microcidin, 73 
Moiiotal, 1) 

Morphine, 12, 243 


Narceine, 13 1 
Narcotine, 131 
Neosalvarsan, 98 
Neottin, 137 
Neuronal, 47 

Nicotine, detc'rnunation of (in tobacco), 
244 

Nirvanine, 63 
Nirvanol, 47 
(^-Nitraniline, 2 
/)-Nitraniline, 10 
Nitration, rules of, 3 

,, witli ac('tyl nitrate, 5, 195 
o-Nitroanisole, 1, 4, 193 
Nitrobenzene, 204 
;)/-Nitrobenzyl cyanide, 237 


4- Nitro-2-carboxyphenylarsinic acid, 106 

5- Nitro-2 : 4-dihydroxyphenylarsiuic acid, 
106 

3-Nitro-4-hydroxyphenylarsinic acid, 236 

5-Nitro-2-methyIphenylarsinic acid, 105 

Nitrohydroxyphenylmercuric acetate, 233 

p-Nitrophenetole, 1, 10, 198 

o-Nitrophenol, 1, 192 

p-Nitrophenol, 1, 10, 197 

Nitrosodimethylaniline, 212 

Nitrotoluene, 219 

Nosophen, 76 

Novarsenobenzol, 98 

Novaspirin, 32 

Novocaine, 56, 63 

Nucleic acids, 153, 243 

„ „ , physiological function, 159 

Nucleosides, 157 


Optochin, 27 
Osarsan, 97 
Orthoform, 55, 63 
Overton-Meyer theory, 52 
Oxidation in the organism, 175 
Oxychinaseptol, 74 


Pental, 43 

Peruol, Peruscabin, 75 
Phenacetine, 1, 10, 17, 21, 202 
p-Phenetidine, 11, 13, 201 
p-Phenetoleazophenol, 13, 200 
Phenocoll, 22 
Phenol, 72 

Phenolsulphonic ac ids, 6 
8-Phenylethylamine, 128 
Phenylglycine, 20 
Phenylhydrazine, 24, 206 
Phenylmethylethoxypyrazole, 37 
Phenylmethylpyrazolone, 37, 208 
Phosphatides, 136 
Pinacones, 44 
Proflavine, 80 
Proponal, 48 

Propyl < 1 iiuet hyJani inohydrux y - /■'•o- but y ■ 
rate, 222 
Protagon, 138 
Protargol, 78 
Providoform, 74, 77 
Psicaine, (iO 
i Pyramidoii, 18, 39 
1 Pyrazolone, 33 
1 Pyrocatechol Catechul). 


Quietol, 221 
Quinine, 26, 162, 245 
Quinotoxin, 27 
Quitenine, 245 


Reduction, in the organism, 176 
Rivanol, 80 
Rodinal, 12 
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SSilticctoly 32 
Salen, 32 

Salicylic acid, 29, 30, 208 
Salipyrin, 39 
Salol, 31 
Salophen, 31 
Salvarsan, 97, 238 
Scopolamine, 42 
Solveol, 73 
Soneryl, 48 
Sozoiodol, 73, 7(5 
Sphingomyelin, 139, 14<S 
Spirosal, 32 
Stovaine, 55, 60, 218 
Stovarsol, 105 
Stypticine, 134 
Sulphonal, 48 

Sympathomimetic JK'tion, 124 


Tetralol, 73 

Tetronal, 49 

Thalline, 28 

Thermodin, 23 

Thermopuncture, 16 

Thiocol (Umiacol-o-HulplKmic a<ud). 

Thymus nucdeic acid, 158, 243 

Thiosinamine, 77, 254 

Tolylarsinic acid, 105 

Triacetonamine, 59 

Trigemin, 46 

Trimethylamine, 248 

Trional, 49 

Tropacocaine, 55, 58 


Tropigenine, 186 
Tropinic a<‘id, 57 
Tropinone, 57, 166 
Trypaflavine, 7i) 
Tyraraine, I2(i, 128, 238 


Ulmaren, 32 
Uracil. 154 
Urethane, 21 
Uridinic a-cid, 151 
Urotropin, 75 


Valeric a<dd, 16, 224 

Valeryl chlori<lc and bnanidt', 224 

Validol, 17 

Veratrole, 6 

Veronal, 18, 227 

Vesalthin, 137 

Viferral, 16 

Vinyldiaceionaminc, 59 
Vioform, 76 
Vuzin, 27, 72 


! Xeroform, 77 


Yeast iiui'lcic acid, 155, 243 


! Zeisel’s met hod, 161, 1 (>5 


('OKIIICI 'TION. 

P. 71, last lino but ojK' : For ‘Sdiarcoal " r<'a,<l “aiitlirav" {V'v. cfnirlu^u). Cndcr 
tliCi conditioiiH rd’ornMl to tlu^ virulciua^ of the anthrax harilln i bcomoi altcmmliMl. 
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Anatomy ^ Physiology j 

j 

The Principles of Anatomy as Seen in the Hand. ' 

J By F. Woox) JoNEB, D.Sc., M.B., B.S., Professor of Anatuwiy, llniverHity of ') 

; Adelaide. 125 Illustrations. 158. not. ) 

i TheAnatomy of the Human Skeleton. By J. Ernest i 

i Frazbk, F.B.C.S,, Professor of Anatomy, University of London. Bacond 

I Edition. With 219 Illustrations, many in Colours. 288. ludi. ' 

Synopsis of Anatomy. By T. B. .Iohnston, m.b., i*ro. ; 

fessor of Anatomy, Univ. of London. 11 Ilhistrations. 12«. (Jd. net. ) 

Anatomical Terminology, with Special Refer- > 

ence to tlie B.N.A. By L. IT. Barkmk, M.l). With liluHtrationH. 58.net. 

y A Manual of Practical Anatomy. By the lato Prof. 

( A. W. Hxjghis, M.B. Edited by Ahthuu Kkith, M.D. In three parte. 

^ Part 1, 12s. 6d. net. Part 11, 10s. Cd. net. Part HI, 128. (id. n<^t. ' 

I Heath’s Practical Anatomy: a Manual of Dissec- 

; tions. Edited by XE.LiNK,F.R.C.S. 9th Edition. 521 En}.fravini<H. 15s.net. 

\ Clinical Applied Anatomy ; or, The Anatomy of 

( Medicine and Surgery. By Chaklmh R. Box, M.D., Physician, St. 1’hoinaH^H 

\ Hospital, and W. MoAdam Ecclbs, M.S.Lond., F.R.(..\S.Eng., Surg<H)n, St. 

\ Bartholomew's Hospital. 46 1'lates. 128. (id. net. * ’ ' 

( Essentials of Surface Anatomy. By c. R. i 

( Whittakbk, F.R.C.S. Third Edition. With 17 Plates. Ts. (id. net. 

< Text- Book of Anatomy and Physiology. ity 

E. R. Bundy, M.D. 5th Edition. With 2(i(i IlluHtrations. 1 1 n. r>,(. net. ’ 

^ Human Osteology. By Luther IIouokn. Lif^hth h]<liti()n. 

^ Edited by Chaklkb Stewart, F.K.S., and Roukrt W. Itini), M.D., E.K‘, C S* 

^ 69 Lithographic PhitoH and 74 Engravings. 188. net. 


Principles of Human Physiology. By iirnhki ii 

Staelinu, O.M.CR, M.D.. K.R.O.P., K.K.S., .r<.(Irt.U I’rofoBH.iV of I-l,yHi..loirv 
University Collogo, Loudon. 'I'liird Edition. r,7!» IlhiHtnilioUH. mil! 

Practical Physiology. By (!. v. Ankhi', m.d.. d.s,-. 

and D. P. Harris, M.B. , H.S, With Intnxluction by P»'<il'. B M SrAiuiNo 

C. M.C., F.li.S. With 197 IlluHtratiouH. lOs.Ud. uM. ’ ' 

Synopsis of Physiology. By Eeran.i.'on Ruhkk™, iM.d. 

follow;,., ('anil, ridKo' 

With 75 .Ulustrations. 108. iUL net. ^ 

An Introduction to Biophysics. By d. Hi unh 

D. Sc., Professor of Physiology, University of Durham. With 85 Illustra- 

uioiiB. not. 

Enzyme Action. By BEAnr, 

M.A., M.JD., D.IMI. Cs. not. ' 

The Cell as the Unit of Life, and other Lectures : 

Biology. By the late Allan Maofadyisn, M.D B Bo 

Edited by E. Iaknbb Hawtarr, M.D., P.E.C.l*., D.lMi. 7«. (W. not! ' 
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Materia Medica ^ Pharmacy 


Applied Pharmacology. By A. -J. Clark, M.O., M.D., 

F.E.C.P., Professor of Pharmacology, UniTersity of London. With 46 
Illustrations. 15s. net. 

A Text- Book of Pharmacology and Therapeu- 

tics. By A. E. Cushnt, M.A., M.D., F.E.S., Professor of Pharmacology m the 
University of Edinburgh, etc. Eighth E^tion. 73 Illustrations. 24s.net. 

Materia Medica, Pharmacy, Pharmacology, and 

Therapeutics, By Sir W, Halb-Whitb, M.D., PJR-.C.P., Consulting 
Physician, Guy’s Hospital. Eighteenth Edition. 10s. 6d. net. 

Synopsis of Pharmacology. By D. V. Cow, M.D. 

With 15 Illustrations. 7s. 6d. net. 

Synopsis of Materia Medica, with Notes on 

Prescription Writing. By J. Burnet, M.D. 4s. 6d. net. 

A Text- Book of Materia Medica for Students of 

Medicine. By C. E. Marshall, M.D. 127 Illustrations. 10s. 6d. net. 

Southall’s Organic Materia Medica. By John 

Barclay, B.Sc.Lond. Eighth Edition hy E. W. Mann. 12 s . 6d. net. 

A Text- Book of Materia Medica. By Henby G. 

Gbeenish, P.I.C., P.L.S., Professor of Pharmaoeuties, Pharma<»atical 
Society. Fourth Edition. With 270 lUustrations. 25^ net. TheMicr^ 
scopical Examination of Foods and Drugs. Third Ed^on 2TO 
Illustrations. 18s. net. An Anatomical Atlas of Vegetable Powders. 

138 Illustrations, 12s. 6d, net. 

The Book of Pharmacopoeias and Unofficial 

Formularies. By E. W. Lucas. C.B.E., F.I.C., F.C.S., and H. B. Stevens, 
O.B.E., F.I.O., F.C.S. 7s. 6d. net. 

ALSO 

The Book of Receipts: containing a Veterinary Materia 

Medica. a Pharmaceutical Formulary, a Photographic Formulary a 
Synopsis of Practical Methods employed m tiie Examination 
Milk, ^Potable Waters, Sputum, etc. Iweltth Edition. lOt.. bd. net. 

First Lines in Dispensing. 2nd Edition. 97 Ulus. 6s. net. 
Practical Pharmacy. 3rd Edition. 224 Ulus. 27.S. net. 

ALSO BY E. W. LUCAS. ^ 

The Book of Prescriptions (Beasley) with an 

Index of Diseases and Eemedies. Tenth Edition. 7s. 6d. net. 

Materia Medica, step by Step. By A. W. Nonn. as. 6d. net. 

Medical and Pharmaceutical Latin for Students 

of Pharmacy and Medicine. By B. K. Bennett. 3rd Edition, los. bd. Mt. 

A Companion to the British Pharmacopoeia. By 

of Thirty of the London Hospitals. Ninth Edition. 12.. 6d. net. 

> The Pharmaceutical Formulary. By Henry Beasley. 

^ Twelfth Edition by J. Oldham Braithwaitb. 6s. Qd. net. 
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The Health of the Industrial 

CoLLis, M.D., Professor of Preventivo MtHHoim), ^ oIhIi haiiotml 

Medicine, and Major Gbhhnwoou, M.K.< ,S., 

Ministry of Health. With Introduction hy Sir Ubokuk Nkwman. 

M.D. 30s. net. 

The Principles of Preventive Medicine. By R. 

Tanner Hewlett, M.D.,I'.K.<!.1>., D.l'.H.. - 

of London, and A. T. Nankivkll, M.D., D.IML, Mod. Otllwr of Ilo.iltli, 
Hornsey. With 12 Charts and 5 Diagnuns. IHs. net. 

Synopsis of Hygiene. By W. W. Jamkhon, M.I)., D.R.H., 

Med. Officer of Health, Tinchley, and i\ T. Marchant. M.K.Hiiii.I.. Aw»i.s- 
tant. Dept, of Hygiene, University College. With IH Illustrations. IHs.md. 

Sanitation in War. By Lt.-Coi,. P. B. Ijki.kan, ('.B., 

F.E.C.S., D.P.H., Assistant Professor of Hygiene. Koyal Army Mi'dieal 
College. Third Edition. 68 Illustratieiis. 7*. f!d. net. 

Elementary Hygiene for Nurses. By ll. c. R. 

Darmnq, M.D., P.E.C.S. Second Edition. -U> lIlustraiioiiH. 4j. 6.1, not. 

A Simple Method of Water Analysis. By John 0. 

Thresh, M.D. Vic., l).So.Lond. Ninth Edition. :(». not. The Kxamliin- 
lion of Waters and Water Supplies, 'rhird Kdition. ni t. 


ALSO, WITH AETHlHi K. PORTKE, M.A.CANTAE. 

Preservatives in Food and Food Examination. 

8 Plates. 16$. net. 

Foods and their Adulteration. By Hakvhy vv. 

Wiley, M.D., Ph.I). Third Edition. With 11 <h)h»unMl aini H7 

other Illustrations. 27$. ludi. Beverages and their Adulteration. 
With 42 Illustrations. 21$. net. 

Text-book of Meat Hygiene, iiy R.. Mhki.mann, I'li.i). 

Translated by J. R. Mohlke, A.M., V.M.I)., and A. EnninoEN, D.V.S. 
Poiirfch Edition. With IBl llluHtrntionH and 5 PlatnH, 2 k. not . 


A Manual of Bacteriology, Clinical and Applied. 

By R. Tanner Hewlett, M.D., I’rofosHor of Bacteriology, Univ.of hondon. 
Seventh Edition. 31 Plates and 6H T<ixt-figur(^s. 2 Is. net. Serum and 
Vaccine Therapy, Bacterial Therapeutics and Prophylaxis, Bacterial 
Diagnostic Agents. Second Edition. 32 Figim^s. H«. (hi. ind.. 

Immunity: Methods of Diagnosis and Therapy. 

By Dr. J. Citeon. Second Edition. 4() UlustrationH. 14«. net. 

Clinical Diagnostic Bacteriology, including 

Serum- and Cyto-diagnosis. By A. C. Coleb, M.I)., D.Sc. 2 Platort. H$. md. 

Lessons in Disinfection and Sterilisation. By 

F.W.A.ni)rbwes,M.D.,P.R.C.P. Second Edition. 31 Illustrations. Jk.ikinot. 

Dairy Bacteriology. By Dr. Orla-Jenskn. 'I’riuislatt'd 

by P. S. Arur, B.Sc., IM.C. With 70 lllustnitions. 18». not. 
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Pathology Psychology 
Electro=Therapeutics^ Dictionaries 

Pathology, General and Special, for Students 

of Medicine. By E. Tanner Hewlett, M.I)., F.E.C.P., B.P.H., Professor 
of Bacteriology, Univ. of London. 48 Plates and 12 Illustrations in 
Text. Pifth Edition. 18s. net. 

Clinical Pathology. By P. N. Panton, M.B., Clinical 

Pathologist and Director of Hale Clinical Laboratory, London Hospital. 
With 13 Plates (1 1 Coloured) and 45 Illustrations in the Text. 14s. net. 

A Manual of General or Experimental Pathology. 

By W. S. Lazarus-Barlow, M.D., F.E.C.P., Director of the Cancer 
Eesearch Laboratories, Middlesex Hospital. Second Edition. 21s. net. 

The Elements of Pathological Anatomy and Histology for 
Students. 24s. net. 

Surgical Pathology and Morbid Anatomy. See p.8. 
Post-mortem Manual. By C. R. Box, M.D., Lecturer 

on Applied Anatomy, St. Thomas's Hospital. Second Edition. 22 Illus- 
trations. 10s. 6d. net. 

The Pathologist’s Handbook: a Manual for the 

Post-mortem Iloom. By T. N. Kelynack,M.D. 126 Illustrations. 4s.6d.net. 

Psychological Medicine. By Sir M. Craig, M.D., Phy- 

sician, Mental Diseases, Guy’s Hospital. Fourth Edition. Iti the Press. 


ALSO BY SIR M. CRAICJ. 


Nerve Exhaustion. Cs. net. 

Mental Diseases: Clinical Lectures. By Sir T. S. 

Clouston, M.D., F.R.C.P.Edin. Sixth Edition. 30 Plates. 16s. net. 

Unconscious Therapeutics; or. The Personality 

of the Physician. By Alfred T. Schofield, M.D., Hon. Physician to 
Frio(leuli(‘iiii Hospital. Second Edition, os. net. The Management of 
a Nerve Patient. 5s. net. 

The Journal of Mental Science. Published Quarterly, 

by Authority of the Medico-Psychological Association. 7s. 6d. net. 

Practical Electro-Therapeutics and Diathermy, 

By G. B. Massey, M.D., Late President, American Electro-Therapeutic 
Association. 157 Illustrations. 21s. net. 

Lang’s German-English Dictionary of Terms 

used in Medicine and the Allied Sciences. Third Edition. Peprinting . 
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The Practice of Medicine. .By the into Fhkueiuck 

MJ)., F.E.U.P. IVt'lFih Hi'vintHl liy K, t\ 

P. Htmon'pn, niul If. W. liAunKie. PhywicmnH, (luy*« IffU'4|titfiiL H7 IIIum» 

iHVt. 

Endocrine Diseases: Their Diajcnosis and Treat- 

tiKmi. Hy \V. Falta { Vi^'niui). 'rmiiHlnliMl by M. K, M.IK, w'iihn 

Fnr<'w<»rtl by Sir A. F.<Uiiit(JU, MJb 104 1 .'Kk, not. 

Medical Diag'nosis. By AuTtiuit Imtham, K.R. (!.!*., 

PhyMirian and Pncsinror an MiMUciin** Ht. n<»s4|utal, and Jamkh 

ToHitKNHi M.B.» M.'H.(?.P., AHHintani PhyHiamtn *St. Hu;4pital. 

With 74 niuHtmtioiiH, lU in ia»lour. ir»M. ind. 

Pulmonary Tuberculosis: its Diagnosis, 1*1*0- 

viaitioii, and 'rr(»ai!nant. Py W, M.<'uoFTt>N, MJb, landuna’ in Spofifil 
Pat ln>]u|^^y, UnivarHity IhdiUn, With I'ohmnnl Front tHjdfn't' and 

20 Illustrat iniiB. (la, not. Therapeutic Immuftliatloft : ‘Pheory and 
Practice. 7h. r>d. n<d. 

A Text-Book of Medicine- IR'g’iui by tbo Into (!. 

UinroN Fa<i<jk, M.It; coinphdotl an<i ro-writtanhy P* IP Pvk-Smith. M.O., 
F.R.H. Ftmrth Fdition. 2 voIh. not. 

The Primary Lunjf Focus of Tuberculosis in 

Fliildron. Ity Fr, Anthon (iiion. 'rranHlalotlliy F. pAirrv K iN«i, n. li, F., 
M.F. 2 Plnttnuunl 7 1 'I’t'st Hh.iul.nvi, 

Studies in Influenza and its Pulmonary Com- 

plit'af py I). pAirrv Kino*, oJ{ F., M.F. 7ti. (W/. n<d. 

A Short Practice of Medicine- By H. A. Ki.kmino, M.D., 

F. li P. F., F. P.S.F., Fi*(dur4*r on Mi'dioino, Sohotd of h’oyiil ( ’(dio";««;i, 
Ftlinhurj. 4 'h. d’iiird Fdititan Wit li <1 !• 1 Iln:d rat i-'ini. 2I.i. lU'i. 

The Practice of Medicine. i!v M. ('iiai.'tkuis, m.!),, 

I'rof,. BMor of TlM'raiHnit it’H, FnivtM’.sit y of Ninth I'Mition. I'MiltMl 

)»y F. J. ( 'n A iri'Kiua, M.F., Ch.P. Ilhintratt'd. Ps. <>(/. not. 

Dij^estlon and Metabolism: The Physioloj^ical 

and Put holoi,»;i(’a, I FhonuHt ry of Nutrition. Py -A. F.'I’.wi.oa. M.F. 1 s,n\ not. 

Text- Book of Medical Treatment. By K. 1 . (b 

TiRAHin M.F., F.R,.(M\ ir>x. lad. 

A Manual of Family Medicine and Hyjfienc for 

India. Py Sir W, d. Moonw, K.<M.F., M.F. Ninth Fdition, odiliBl hy 
<'oI. (\ A. Ht*itAWHON» (U.F., Ivi.F,, I.IVI.S, (H) Knp^raviai^H. lo.i. ihL not. 

The Blood : how to Examine and Diajfnosc its 

FiH(»ai4BH. py AnFuni) (). (’ouch, M.F., F.So., F.lv‘..S. Fdin. 'I'hird Edition. 
7 PolourtMl PhitoH. lO.s. (hi. not.. 

Lectures on Medicine to Nurses. By iieuukut k. 

Cuff, M.F., F.E.C.S. S<4vwnt.h Edition. 29 IlhiHtraiion.s. 7i4. (nhind. 

On Alcoholism : Its Clinical Aspects and Treat- 

xttimt. Ily FitANOia Hari, M.F. , Medical Suponutfnulont of tho Norwood 
Sanatorium, Petdeenham. Ga. m4. 

Venereal Disease, its Preventior^ Symptoms 

and Treatment. By II. Wanbet Pavly, M.C, Second halition. With 
55 llluBtrations. 7s, CW. net. 
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Recent Advances in Medicine. Clinical : 
Laboratory: Therapeutic. By &. E. Beaumont, 

M.D., Assistant Physician, Middlesex Hospital, and E. C. Dodds, M.E.C.S., 

L. B.C.P., Chemical Pathologist, Middlesex Hospital. 37 Illnstrations. ■ 

10s. 6r/. net. ) 

Massage: its Principles and Practice. By James ; 

B. Mbnnbll, M.A., M.D., B.C., Medical Officer, Physicd-Therapeiitic j 
Dept., St. Thomas’s Hospital. With 167 Illnstrations. 21^. net. - 

Massage and Medical Gymnastics. By Dr. Emil : 

Klbbn. Translated by Mina L. Dobbib, M.B., B.Ch., Med. Officer, Chelsea 
Physical Training College. 2nd Edition. With 182 Illustrations. 32s. net. 

ALSO TRANSLATED AND EDITED BT DR. MINA L. DOBBIB. 

Notes on Diseases Treated by Medical 

Gymnastics and Massage.' By Dr. J. Arvedson. 8s. 6d. net. 

Treatment of Tuberculosis. By Albert Robin. 

Translated by Dr. Leon Blanc and H. de M^eic. 21s. net. 

Researches on Rheumatism. By F. J. Poynton, 

M. D., r.R.C.P.Lond., and Albxandbb Paine, M.D., B.S.Lond. 'Witli 106 
Illustrations and a Coloured Frontispiece. 16s. net. 

Vicious Circles in Disease. By J. B. Hueet, M.A., 

M.O. Third Edition. With Illustrations. 15s. net. Poverty and 
its Vicious Circles. Second Edition, los. net. The Vicious Circles 
of Neurasthenia and their Treatment. 3s. 6d. net. Vicious Circles 
in Sociology and their Treatment. 2s. net. The Ideals and 
Organisation of a Medical Society. 2s. net. 

Physical Signs in the Chest and Abdomen. By 

A. J. Jkx-Blakb, M.D., F.KC.P. 27 Illustrations. 9s. 6d. net. 

Ulcer of the Stomach and Duodenum. By Samuel 

Fenwick, M.D., F.R.C.P., and W. Soltau Fenwick, M.D., B.S. 55 
trations. 10s. 6d. net. Cancer and other Tumours of the Stomach. 

70 Illustrations. 10s. 6d. net. 

The Schott Methods of the Treatment of Chronic 

Diseases of the Heart. By W. Bbzlt Thorne, M.D., M.E.C.P. Fifth 
Edition. Illustrated. 5s. net. 

The Clinical Examination of Urine. By Bindley 

Scott, M.A., M.D. 41 original Plates (mostly in colours). 15s. net. 

Electro-Therapy: Its Rationale and Indications. 

By J. Curtis Webb, M.B., B.C. With 6 diagrams. 5s. net. 

Electricity: Its Medical and Surgical Appli- 

cations. By C. S. Potts, M.D. With 356 Illustrations and 6 Plates. 21s.net. 

Uric Acid as a Factor in the Causation of 

Disease. By Alexander Haio, M.D., F.E.C.P., Physician to the Metro- 
politan Hospital. Seventh Edition. 75 Illustrations. If • 

Acid In the Clinic. 5s. net. Uric Acid, an Epitome of the Subject. 

Second Edition. 2s. Sd.net. 

Malay Poisons and Charm Cures. By John d. 

Gimlette, M.E.C.S., L.E.C.P. Second Edition. 8s. M. net. 
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Surgery. Edited by (E E. (task, C.M.Ct,, D.H.O., F.ll.C.H., 

and Hahold W. Wilson, M.S., M.H., F.K.O.S.. Kuvkcohh, St. ItartlioUniutw’s 
Hospital. With 39 Plates, 20 in colour, and -U)? 'r<*xt-fi{fun‘;!. 30«. net. 

The After-Treatment of Wounds and Injuries. 

By B. C. Elmslik, M.S., F.K.O.S., Special Mil Sur^(. Sln^idierd's 

Bush; Surgeon, St. Bartholomew’s Hospital, 144 niustratnmH. lOi. not. 

A Textbook of Surgery. By K. Waukkn, M.l)., F.H,0.S., 

Assistant Sxtrgeon, London Hospital. With fiftt Original Illustmtions. 
2 vols. 27s. not. 

Surgical Pathology and Morbid Anatomy. By 

Sir Anthony A. Bowlbt, F.B.G.S,, Surgeon to St. Bartholomew’s Hospital, 
and Sir F. W. Andriswiis, M.D., F.E.S,, Lecturer onPathcdogy, St. Bartho- 
lomew’s Hospital. Seventh Edition. With 210 Illustrations. IlOi. net. 

A Manual of Surgery. By F. T. Stk-waki-, M.I)., Pro- 

^ fessor of Clinical Surgery, Jefferson Medical College. Third Edition. 
671 Illustrations. lOa. net. 

Ovariotomy and Abdominal Surgery. By IIahhison 

Cripps, F.E.C.S., Surgical Staff, St. Bartholomew’s Hospital. 25s. net. 

BY THH SAME AUTHOR. 

On Diseases of the Rectum and Anus, including 

the Sixth Edition of the Jacksonian Prize Essay on Cancer. Fourth Edition. 
With 14 Plates and 34 Illustrations. 10s. 6d. net. 

Cancer of the Rectum, especially considered 

with regard to its Surgical IVeatment. Jacksonian Pri/.(i IbSHay. Sixth 
Edition. With 13 Idates and several Engravings, f).*}. not. 

Diseases of the Rectum, Anus, and Sigmoid 

Colon. By F. Swinford Edwards, F.E.dS., Senior Surgeon to St. Mark’s 
Hospital for Fistula and other Diseases of tlie h’ectiini. 'I'hird Edition. 
102 IllustrationH. lO*}. (kl. net. 

Minor Surgery and Bandaging. hjio-IittHoit h Kdit.ion. 

(Heath, Pollard and I)avi<^H.) By ihvYNNic Widmamh, M.S., F.It.t^H., 
burgeon. University CJolloge Hospital. 239 Engravings. !<)«. (Id. mi. 

Injuries and Diseases of the Jaws. By Ohkihtopher 

Heath, :B\E.C.S. Fourth Edition. Edited by H, P. Dean, M.S., F.H.O.H., 
Assistant burgcuin, London Hospital. 187 Illustrations. Us. twi. 

BY THE SAME AUTHOR. 

Clinical Lectures on Surgical Subjects delivered 

at Univorsity College Hospital. Fii-st Series, (> 5 . md; ; Second Series, 6s. net. 

‘^“^Srical Nursing and After-Treatment. By 

nwi 

Hs, 6(L net. 


l>ABLiNa, M.D., r.K.C.S.. SurK<'on, South ('ouHt 
Hospital, Sydney. Second Edition. With 138 11“ 


. Edition. With 138 Illustrations 
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^*^®”tary Hygiene for Nurses. Seou.l Edition. 

With 4G Illuatrations. 4s. (i<I. net. 
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Anaesthetics 


The Operations of Surgery. Sixth Edition of Jacobson. 

By B. P. Eowla-nds, M.S.Lond., F.R.C.S., Surgeon, G-uy’s Hospital, and 
Philip Turner, M.S., P.B.G.S., Surgeon, Guy^s Hospital. 2 vols. 
797 Illustrations ; 40 in Colour. 50s. net. 

Surgery in War. By A. J. Hull, B.RO.S., Lieut.-OoL, 

B.A.M.C. With 210 Illustrations. 25s. net, 

operative Surgery of the Head, Neck, Thorax 

and Abdomen. By E. H. Taylor, P.B.C.S.I., University Professor of 
Surgery, Trinity College, Dublin. With 300 Original Illustrations, many 
in colour. 32.?. net. 

Synopsis of Surgery. By Ivor Back^ P.R.C.S.^ Surgeon, 

St. George’s Hospital, and A. T. Edwards, P.B.C.S., Assistant Surgeon, 
Westminster Hospital. 12s. 6d. net. 


Synopsis of Surgical Diagnosis. 

Romanis, M.B., M.C., P.R.C.S. 8s. 6ci. net. 


By W. H. 0. 


Synopsis of Surgical Pathology. By Eric Pearce 

Gould, M.D., F.B.C.S. 6s. net. 

Inguinal Hernia, the Imperfectly Descended 

l’<3stic!Us and Varicocele. By Philip Turner, M.S., F.R.C.S., Assistant 
(hiy’s Hospital. With 22 Illustrations. 10s. 6d. net. 

Hare- Lip and Cleft Palate, with Special 

Reference to the Operative 'J'reatment and its Results. By James Berry, 
B.S., F.R.C.S., and T. Percy Lego, M.S., F.R.C.S. Reprinting. 

War Surgery of the Abdomen. By Cuthbert 

Wallace, C.M.G., F.R.C.S. AVith 26 Illustrations. 10s. 6ti net. 

Practice and Problem in Abdominal Surgery. 

Hy Alkrki) Ernest Maylard, M.B.Lond. and B.S., Senior Surgeon to 
tlui Victoria Infirmary, Glasgow. With 39 Illustrations. 8s. 6cl. net. 

BY THE SAME AUTHOR. 

Abdominal Tuberculosis. 57 Illustrations. I2.s. 6d. net. 
Clinical Essays and Lectures. By Howard Marsh, 

Prof. Surgm-y, ITiiiv. Cambridge. 26 Figures. 7s. 6d. net. 

Hernia, its Cause and Treatment. By R. W. Murray, 

F.R.C.S., Surgeon, David Lewis Northern Hospital. Second Edition. 62 
Illustrations. 6s. net. 

Modern Bullet- Wounds and Modern Treatment. 

By Major F. Smith, D.S.O., R.A.M.C. 3s. net. 

Surgical Emergencies. By Paul Swain, F.R.C.S. 

Fifth Edition. 149 Engravings. 6s. net. 

Chloroform: a Manual for Students and Practi- 

tioners. By Edwakd Lawbib, M.B.Edin. Illustrated. 5s. net. 
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1 Urinary Disorders 
Neurology ^ Tropical Diseases 

1 An Epitome of Mental Disorders. A I'rm ticnl (Juia« 

\ to imtl By K. Fhyich moLA«i>, IVI.II., 

; B.H., Oapi., IVBMlionl OlUocn* ui ('Imrgo <»f Oh^orvitti<»u mol Mootnl 

) Block, 2n<l Kantt^rn (Ji'io'ral IIoHpital. Ji llluHtmtitaiH. 7 j 4. <kl. not, 


^ A Text- Book of Nervous Diseases* By W. Aiuimn 

J:, Txteneh, M'.D,, F.E.O.P., I^hyaician and lioetwwr an Ntmroloi^jy, Kiug’w 

> Oollo^^o Ilfmpiial, ami T. (htAiNoicit Btkwaut, M.B., Awintant 

) PkyHidan, Naticmal H()Mpiial for I Wlynoil. I.VH IIluHtmtiiaiN. not, 

( Paralysis and other Nervous Diseases in Child- 

^ hood and Karly Bifo. By Jamkm Tavoor. M.I>„ PltyHiciau 

; National BoHpilal for ParnlyHXHl, 7-1* IIluHtrationM. (Id. m*t, 


J nv jsnt w. R. iiowKiiM, m.o., k.u.n. 

( Subjective Sensations of Sight and Sound, Abio- 

f tropliy, and otlan’ BocturoH<JU UinoaHOH of tho Ntn'vooH Syntoiii. ().**. md. 

f Epilepsy and Other Chronic Convulsive Diaeasest their Causes, 

^ Symptoms and Treatment. Scc'oml K<lition. lOs, (Id.nol. TheBorder- 
( land of Epilepsy, Faints, Vagal Attacks, Vertigo, Migraine, Sleep 

/ Symptoms, and their Treatment, ks. m. not. 

(' 

( 

j Selected Papers on Stone, Prostate, and other 

/ Urinary I)iH<n*dorH. By Iv. Harrin(»n, F.I\‘,.(’,S. lo I llusi rat iniii. its. tad. 

i 

K 

( *’"• ntnUiY FKNWICK, l'.U.<VH,, HrR.<iK<tN 'I'O 'I'HK I.o>aiON UO!i!*ir\l.. 

j! Atlas of Electric Cystoscopy. .‘O ('oionn'il I’ls. ‘Ji.v.iici. 

\ Obscure Diseases of the Urethra. o:5 llluH. o.s-. Cui. net. 

\ 

< Operative and Inoperative Tumours of the 

j Urinary Blnddor. ,'19 lUnHtrationH. r>s. md. 


I Tumours of the Urinary Bladder. Fasc. I. rns. m t. 

( 

\ Ulceration of the Bladder, Simple, Tuberculous, 

and Malignant : a Clinical Study. Illuatratod. n». md;. 

\ The Malarial Fevers of British Malaya. By 

S Hamilton: WBiaHT, M.D. Map and Charts. .Is. not. The Etioloey 

S and Pathology of Beri-Beri. With Map and Charts. 3s. net. 
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Midwifery Gynaecology 


The Difficulties and Emergencies of Obstetric i 

Practice. B7 Comtns BERKSLiiT, M.D., F.E.C.P., and Victoe Bonnet, ■ 
M.D., F.R.C.S., Obstetric and G-ynsecological Surgeons, Middlesex Hospital. ( 
Third Edition. With 309 Original Illustrations. 36s. net. ; 

Manual of Midwifery. By T. W. Eden, M.D., C.M.Edm., : 

F.H.C.P.Lond., Obstetric Physician and Lecturer on Practical Midwifery, \ 
Charing Cross Hospital. 5th Ed. 5 Plates and 369 Illustrations. 24s. net. 

BY THE SAME AUTHOR AND C. LOCKTBR, M.D , E.R.C.P., F.R.C.S. 

Qynsecology. Second Edition. 513 Illustrations and 24 

Coloured Plates. 36s. net. 

Practical Midwifery. By Gibbon FitzGibbon, M.D., 

P.P.G.P.I. With 175 Illustrations. 16s. net. 

A Short Practice of Midwifery, embodying the 

Treatment adopted in the Eotnnda Hospital, Dublin. By Henry Jellett, 
M.D., B.A.O.Dub., Ex-Master, Rotunda Hospital, Dublin. Ninth Edition. : 
4 Coloured Plates and 263 Illustrations. 18s. net. 

BY THE SAME AUTHOR. 

A Short Practice of Midwifery for Nurses, with 

a Glossary of Medical Terms, and the Regulations of the C.M.B. Sixth 
Edition. 4 Coloured Plates and 172 Illustrations. 9s. net. 

ALSO 

A Practice of Gynaecology. Witli 374 Illustrations 

(sonic colouniit). 2ls. net. A Short Practice of Qynaecology. ^ ''Vith 
lUH 1 llustnitioiis (many in colour) and 10 Plates. Fifth Edition. 18s. net. 

Manual of Obstetrics. By 0. StJohn Moses, M.D., 

C.M., D.So., P.K.C.S. With lit!) Illustrations. 21s. net. 

Obstetric Aphorisms. By the late J. G. Swayne, M.D- 

lt(!vis<Nl liy W. C. SwATNB, M.D., B.S.Lond., Professor of Obstetrics, 
ifnivorsity of liristol. Eleventh Edition. With 29 Illustrations. 3s. 8d. net. 

A Manual for Mid wives. By C. J. N. Longridge, 

M.I).,iuul ,1. 1!.]UN[.STnii, IM.n.. E.R.C.S., Physician to Out-patients, Queen 
Cliiirlotte’s Hospital. I'liird Edition. With 51 Illustrations. T.s. Cd. net. 

A Short Manual for Monthly Nurses. By Charles 

.1. (JIILIMNOWORTH, M.D., F.R.C.P. Sixtli Edition, ls.6d.net. 

A Clinical Manual of the Malformations and 

('oicMBiitiil DiBcasew of tho Fietus. By Prof. Dr. R. BiriNB.-uiM. _ Translated 
a.nd'^Vnnotak'd by C. Dlaokki{,, M.D., K.U.O.P., F.R.C'.S., Obstetric Pnysician 
to University Hospital. itli 66 Illustrations, lo.'?. not. 

Outlines of Oynascological Pathology and Morbid 

Aluitomy. By C. Hubert Roberts, M.D.Lond., Physician to the Samar- 
itan FnMi Hospital for Women. 151 Illustrations. 21s. net. 

Sterility in Woman: Its Causes and Treatment. 

Hy li. A. Qibhons, M.D., P.K.C.S.Ed. AVith 4-1. Illustrations. 12s. 6d. net. 

; ALSO BY DR. R. A. GIBBONS. 

A Lecture on Dysmenorrhoea. 2s. 6d net. A 

/Etiology and Treatment. 2s. 6d. net. A Lecture on Pruritus 
Vulvfie : its Etiology and Treatment. 


2s. 6d. net. 
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Medical Jurisprudence 
Ophthalmology m Dermatology 


MedicaUurisprudetice: its Principles and Prac- 

tice. By Alfred S. Taylor, M.B., F.R.C.P., P.E.S. Beventh Edition* by 
Fred. J. Smith, M.B., F.E.C.P., Physician to, and Lecturer on Forensic 
Medicine at, the London Hospital. 2 vols. 20 Engravings. XN'i net. 
Also by Dr. P. J. Smith. Law for Medical Men, containing Extracts 
from Acts of Parliament interesting to Medical Men. 10a. 6d. net. 

Medical Ophthalmology. By R. Fostur Mookk, O.H. F., 

F.RC.S,, Assistant Ophthalmic Snrgeon, St. Barth<>loniaw*H UoHpital. 
80 Illustrations. 16s. net. 

Medical Ophthalmoscopy : A Manual and Atlas. 

Fom-th Edition. By Sib W. E. Go-wbbs, M.D., F.K.S., and MAitoits Gunn, 
M.B., P .E.C.S. Autotype Plates and Woodcuts. 14s. net. 

Refraction of the Eye : a Manual for Students. 

By Gustavus Hartridge, P.R.C.S., Consulting Surgeon to tlie Koyal 
Wes^inster Ophthalmic Hospital. Sixteenth Edition. 110 IlhistrationH, 
also Test-types, etc. 7s. U. net. The Ophthalmoscope : a Manual for 
Students. Sixth Edition. 65 Illustrations and 4 Plates. 6s. Vui. net. 

Diseases of the Eye ; a Manual for Students 

and Praotitionera. By Sir J. H. Pabsons, D.So., M.B., B.S., P.K.O.S., F.H.S., 
Ophthalmic Surgeon, Univei’sity College Hospital j Surgeon, Royal London 
(Moorfields) Ophthalmic Hospital. Fourth Edition. 326 Illustrations 
and 19 Coloured Plates. 19s. net. Elementary Ophthalmic Optics, 
incl^uding Ophthalmoscopy and Retinoscopy. 66 IlluHtrations. 
6s. 6d. net. 


The Principles of Ophthalmoscopy and Skia- 

scopy. By G. P. Alexandsb, M.B., C.M. ;)1 HliiHtnitioiis. 5... ii«i. 

The Ophthalmoscope and How to Use It, witli n 

Chapter on Diplopia. By A. Frkeland Fkiohik, LL.D., aAI.D. Bih'oikI 
Edition. 17 Illustrations. 3.s. (.)(/.. not. 


Refraction of the Eye, including Elementary 
Ophthalmic Optics. By o. B. (Joui.i.hn, o.b.m., m.I)., 

/-^P^itliahnic Surg<3on, London Hospital and Ifoyal l^omhai 
Ojihthulmie .Hospital. 1H() llluatrations. iOs. 6<L net. 


j Sight Testing made Easy, including Chapter 

on Eetmoscopy. By W. W. Habdwioke, M.D., M.E.C.^^ Fourth Edition. 

\ 12 Engravings. 6s. net. 

^ Ophthalmological Society of the United Kinir- 

doin. Transactions. Vol. XLIII. 30s. not. 


A Text- Book of Diseases of the Skin. By J. u. 

Sbqueir^ P.R.C.S., Physician to the Skin I)<^partment 

38;.net.' 

The Diagnosis and Treatment of Syphilis. By 

Edition. 3s.6d.net. The DIagaosis 
and Treatment of Eczema. Second Edition. 3s. 6d. net. 
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\ Otology ^ Paediatrics ^ Dentistry 


} The Labyrinth of Animals, including Mammals, 

Birds, Eeptiles, and Amphibians. By Albert A. G-ray, M.B.TGlas.) ( 

\ B.R.S.E., Surgeon, Victoria Infirmary, Glasgow. Vol. I, with 31 Stereo’ ( 

\ scopic Plates. 21s. net (including Stereoscope). Yol. II, with 45 Stereo- ( 

•> scopic Plates, 25s. net. ( 

j Manual of Diseases of Nose and Throat. By < 

) C. G. CoAKMtY, M.B. Sixth Edition. With 145 Illustrations and V { 

Coloured Plates. 18s. net. ) 

The Pharmacopoeia of the Hospital for Diseases 

(' of the Throat, Nose, and Ear. Edited by C. A. Parker, F.R.C.S., and / 

T. Jeefbrson Fauluer, F.B.C.S. Seventh Edition. 2s. 6d. net. ( 

Diseases of the Ear. By T. Mark Hovell, Senior Aural { 
Surgeonto the London Hospital. Second Edition. 128 Engravings. 21s. net. ( 

Premature and Congenitally Diseased Infants. ( 

By Julius H. Hess, M.D. With 189 Illustrations. 18s. net. 

The Diseases of Children. By the late Sir James F. \ 

Goodhaut, Bart., M.D., F.E.C.P. Edited by G. F. Still, M.D., F.R.C.P., ) 

/ Professor of the Diseases of Children, King’s College. Eleventh Edition. • 

()0 Illustrations. 32s. net. ( 

The Wasting Diseases of Infants and Children. I 

By Muhtace Smith, M.D., F.E.C.P. Sixth Edition. 6s. net. ( 

An Introduction to Dental Anatomy and Phy- ^ 

Hiology, I)(hscriptivo juid Applied. By A. Hopewell-Smith, L.D.S.Eng., ) 
ih’otoHHor of Dontal Histology, University of Pennsylvania, Philadelphia. \ 
With () IMatihs and 340 Illustrations. 21s.net. The Normal and Patho- ^ 
logical Histology of the Mouth. Vol. I, Normal Histology. Vol. II, ) 
Pjit liological Histology. With 658 Illustrations. 2 vols. d£2 2s. Od. per set. J 

Dental Anatomy, Human and Comparative. By [ 

CiiAitLEH S. ’Pomes, M.A., F.R.S. Eighth Edition. Edited by H. W. v 
M AiiE'r'i’ ’PiMs, O.B.E., M.H., F.L.S., with assistance of C. Bowdler Henry, ( 

L. lv.C.B., AI.RJJ.S , L.l).S.(Eng.). 325 Illustrations. 18s.net. ( 

A System of Dental Surgery. By Sir John Tomes, ( 

F.K.S. Kevisod by C. S. Tomes, M. A. , F.R.S., and Walter S. Nowell, ) 

M. A.Oxoii. Fifth Edition. 318 Engravings. 15s. net. ) 

An Atlas of Dental Extractions, with Notes on ; 

tli<^ (’juisihs and Keli(d' of Dental Pain. By C. Edward AVallis, M.R.C.S., ) 

, L.D.b., Assistant Dental Surgeon, King’s College Hospital. { 

Second Edition. With 11 Plates. Os. net. ( 

A Manual of Dental Metallurgy. By Ernest A. / 

S M rr H , A Hsay OlHcc, Sheffield. Fourth Edition. 37 Illustrations. 12s. 6d. net. . 

Synopsis of Dentistry. By A. B. G. Underwood, M.B., J 

B.S., L.D.S.Eng. With 10 Illustrations. 9s.6d.net. 

Handbook of Mechanical Dentistry. By J. L. ) 

Dudley Buxton, L.D.S., Dental Surgeon, University College Hospital. ) 
With 108 111 uatrations. 12s.6d.net. ^ 
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0 Chemistry ^ 

Inorganic and Organic Chemistry, By C. L. Klavaiith Kdiiton. 

By A. a. Bloxam, F.I.O., and S. Jujon Lkwxh, D.Sc., F.I.U. aKHlUwtmUojm. mi, 

A Text-Book of Practical Chemistry. By F. M.A., B.Hc., 

Chemistry MaBter, Notiinirlunu Hifjrh and J. A, (Uki'KN i'»u, M.A., late Htnimca 

Master, St. Paul’B Scliocji. Wiili KJii llliiKTratitiTi.s. Price 21#. not. 

Explosives. Their Manufacture, PropertieSi Tests, and History. By 

Akthuji Marsha rx, A. (J.G.I., P. 0.8. Hoonnd Kdition, 2 volw. Witti }f»H lUuMtra* 

tioiis. £3 3#. net. A Short Account of Kxplo«ive». 7#, iUi, not. A Oictlonnry of 
Explosives. I6.s.net. 

Introduction to Qualitative Chemical Analysis. By C. H. FaieHKNnJH. 

Seventh Edition, traiiBlated hy U, A. MrrcitiKini, M.A., F.l.t’., Editor of^'Tho Annl.VMt.** 
With 67 IlluBtnitionB. 3(J«. not. 

Treatise on Applied Analytical Chemistry. Kdittsd by Brof, V, Vicla- 

VECCHU. Trjinshu.(‘d hy T. If. Popk, B.Bc. Vol. 1. With 6H ninHtvftt.ioim. 21#. not, 
Vol. II. With 106 IliuBirtiLions. 26#. not. 

Treatise on General and Industrial Chemistry. By Dr. Ettore Mownaei. 

Seeond Er.df«1'. Kditinn TTfiy:slrito<l hy T. H. PorK, H.BCn F.I.C. Vol, 1.- Inorgitfiic. 
Witli .■ii'b I n !.ii 2 42«. not. Vol. II.— Orjfiiiilc. Pt, L 261 lUuwtrationH. 

3', .P;..ll. Hi-.iMnnii.t'.s. 30«. net. 

Bricks and Artificial Stones of Non-Plastic Materials. By Ahi'EKi> B. 

SKA.KLM. 06 Illustrations. 10#. net. 

The Chemistry of Cyanogen Compounds, and their Manufacture and 

Estimation. By HiauucxiT E. Wn.nuMs. 12#. (W. net. 

The Preparation of Organic Compounds. By K.i>b Bauey Uaenett, B.Sc-. 

Second Edition. With 64 IllustrationB. 30#. (W. net. A I'cxt-Book of Orjfunlc 
Chemistry. With 16 llluatrations. 10#. (W. not. 

Organic Medicaments and their Preparation. By M. Fopenioap. 

Translated liy \V. A. SiLVKSTKii, IllUHtratod. not?. 

The Plant Alkaloids. By T. A. HsiNitY, l).Sc. H(E*ond Edition. H 

28#. net. 

Quantitative Analysis in Practice. By J. WAi>i>i.:np, D.Sc..I‘h.D. d.s.dd.iud. 

Industrial Organic Analysis. By Bapl S. Aepi*, B.Sc., A.D.tJ.l. Socoxid 
' Edition. 26 JllaswitioiiH. 12«. (W. net. 

A History of Chemistry. By the lat(w). CAMnimi.n Bhown. Kdiii'd hy 

H. H.Bkown. Second Edition. With 120 IlluHtrutions. 21#. not. Practical Chemistry. 
Sixth Edition. Kdited by (j. Ji. Hknciougii, D.Sc. 2#. Od. net. li.Hsuys and Addre.ises. 
Wifcli 2.3 IlhistratiuriH. Cm. not. 

Microbiology for Agricultural and Domestic Science Students. Edited 
by C. E. Mauhhall. Third Edition. With iHOllluHtratUuiB. 21#. not. 

Cocoa and Chocolate: their Chemistry and Manufacture. By Iv. 

WiiYMPKit. Second Edition. With 10 PhitcH and 10 EwiruH. 42«. not. 

Laboratory Text-Book of Chemistry. Bart 1. By V. B. Beyant, M.A., 

AssiKtant MaKtor at Wcllin^fton Collo^j^o. 4#. net. 

Modern Methods of Steel Analysis. Jty J. A. I’ickard, A.K.c.Kc. r«. m.t . 
The Synthetic Use of Metals in Organic Chemistry, liy A. ,1. II a i.u. (is. not . 
Reagents and Reactions. ByE.ToaNoi.i. 'J’niiiH. byO. A.JMitciihi.i,, V.s.dif. iKtt . 

Colloid Chemistry of the Proteins, liv Prof. Dr. W. rA(ii,i. 'IViuiKlntcil 

by P. P. L. Thorn k, M.A. With 27 JJia^^raniH. B#. «</. net. 

The Formation of Colloids. By The Svedbeup. 22 lUuHtmiioiiH. 7.s. Bd. ind.. 

Laboratory Manual of Elementary Colloid Chemistry. By K. H athchkk. 

With 20 lllusfcratiojus. 7s. (.id. not. 

Practical Physiological Chemistry. By P. B. Hawk, M.S., I’h.D. Kightli 

Edition. With (i Coloured Plates and 107 Toxt-figuroH. 2-1.#. net. 
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Chemistry a Physics 


Elementary Qualitative and Volumetric Chemical Analysis. By W. 

Caldwell, Sc.B., Professor of Chemistry, Royal College of Sargeons in Ireland. Intro- 
duction hy Prof. C. S. Gib.son, O.B.B. 10b. erf. net. 

A Systematic Handbook of Volumetric Analysis. By Feancis Sutton. 
Eleventh Edition, revised by W. Lincolne Suttoit, BM.C., and A. E. Johnson, E.I.C. 


358. net. 

Quantitative Organic Microanalysis. 

E, Pyleman. 42 Illustrations. 12s. 6d. net. 


By F, Pregl. Translated by 


The Fundamental Processes of Dye Chemistry. By H. E. Fierz-David. 

Translated by P. A. Mason, Ph.D. With 45 Illustrations, including 19 Plates. Price 21*. net. 

A Junior Inorganic Chemistry. By B. H. Spear, M.A. Witb 93 Illustra- 
tions. 6«. 6rf. net. Also Part 1 (up to Atomic Theory). 3*. 6d. net. 

Chemical Combinations among Metals. By Dr. M. Guia. Translated by 
G. W. Robinson, With 207 Illustrations. 2U.net. 

Ammonia and the Nitrides. With Special Reference to their Synthesis. 

By B. B. Maxted, Ph.D., B.Sc. 7*. M. net. 

The Analyst’s Laboratory Companion. By A. E. Johnson, B.Sc., F.I.O., 

Bhith Edition. lO*. Qd. net. 

Commercial Organic Analysis : a Treatise on the Properties, Modes of 

Assaying, Proximate Analytical Examination, etc., of Organic Chemicals and Products. 
By A. li. Allen, P.I.C. Fifth Edition, in 9 vols. YoLs. 1 and 2, 30*. net; Tols. 3-9 
In i*rei)aration. 

Volumetric Analysis for Students of Pharmaceutical and General 

Chcniistry. By C. H. Hampshire, B.Sc., P.I.G. Third Edition. 7*. 6d net. 

Valentin’s Practical Chemistry. By Dr. W. R. Hodgkinson, F.R.S.E. 

lOdition. 97 Illustrations. 12«. 6d. net. 

Quantitative Analysis. By Frank Clowes, D.Sc.Lond., and J. B. Coleman, 

A.lt.(^Sci.I)ul). Twclftli Kditioii. l.'Ki Eiuiraviugs. net. Qualitative Analysis. 
Ninth Edition. HI KiiK'nivings, I'i.-!. «></. nvi. Elementary Practical Chemistry. Part 
1. Soveuth Bditioii. (Jeueral ( ’hcniistry. 7C Engravings. 0*. net. Part II. Ninth 
Edition. A nal.ytical Chemistry. :;() Engravings. U«. net. 

Researches on the Affinities of the Elements. By Geoffref Martin, 

15. He. bond. 1 Ihistrated, 10*. net. 

Elementary Practical Metallurgy. By J. H. Stansbib, B.Sc., F.I.C. 25 

1 lIust.ratioiiH. 5*. net. 

TEXT-BOOKS OF CHEMICAL RESEARCH AND ENGINEERING. 

KdiU'd by W. P. Drearkr, O.B.E., F.I.C. 

Clouds and Smokes. 'PIk^ Propertiiis of Dispei'se Systems in Gases. 

I5y \V. E (Inius, D.Sc. .‘50 I lln.stnition.s. 10*. Or/, net. 

The Theory of Emulsions and Emulsification. By W. Clayton, D.Sc. 

l'’nrn\vord hy I’nd'. F. (b Don n an, E.R.S. With 22 I lUnstratiuns. 9*. net. 

Catalytic Hydrogenation and Reduction. By E. B. Maxted, Ph.D. 

15. Sc'., F.C.S. With 12 I lln.stration.s. 5*. net. 

Surface Tension and Surface Energy and their Influence on 

Choinical Phenomena. Hy R. W. Willow.s, M.A., D.Sc., and E. Hatschek. Third 
hiditioii. Witli 25 1 lluBtrations. 0*. net. 

Molecular Physics. By J. A. Crowther, M.A., So.D., F.Inst.P. Third 

1‘Mitinn, With .'52 llluKtratione. 7*. Or/, net. 

Notes on Chemical Research. By W. P. Dreaper, O.B.E., F.I.C. 

Second Edit.ion. 7*. Of/, net. 

An Introduction to the Physics and Chemistry of Colloids. By 

y I-I.vhl Haihchkk. Fotirth Edition. With 17 lllubtrationu. 7*. 6</. net. 

( Catalysis and Its Industrial Applications. By E. Jobling, A.R.C.So., 

li.Sc., F.C.S. Second Edition. With 12 Illustrations; 7*. 6f2.net. 

J. 56 A. CHURCHILL- 


O 



a Physics ^ 
Microscopy ^ Miscellaneous | 

Elementary Physics. By («. Stkai*, HcihUt in i'hyMiw, ! 

OuyV M'etiioal BdtiH*!, iHH liM. iltf, iw»t, ^ 

A Handbook of Physics and Ciieinistry for the 

Conjoint Board. By H. K. Oobbin, B.Bo.Umd.. Bud A, M. Btkwakt. > 
B.So.Lond. Fifth Edition. 2tx> IlluiitratkinB. (Ut. in-t. 

A Treatise on Physics. By Andkkw Okay, bh.D., f.h.h., 

YoL I. Dynaittioi ami Frop«rtii»» of Matter. JtiCI niititmtiotw. IHm, tuti. 

A Text-book of Physics. Kditiidhy a. W. Utfft-, D.Hc., . 

Fiftli Edition. CK)9 nitti»tmtion«, Uk, not. i 

The Conduction of Electricity through Oases 

and Eadio-aotivity, By E. E. MoCniTNa, Hi, M, tmi. 

Physical Measurements. By A. Wii.mku DuKr, li.Sc., 

and A, W. Bwi 8I4.» Fh.B, Second Editbn. 7H Illwiitrationa. iUl. md.. 

The Principles of Radiography. By J. A. (’unwim i;, 

Sc.D., E,In«t.P. With r>5 IlhiHtrationM. 7«. (kl. not. 

Critical Microscopy. How to g(>t, tho hont out <.r the : 

Mic*r(m(;i)p(^ By A, C. (bLiCH^ M.D., B.Ho. 8 lUuBtmtimw. 1$,iU lu't. 

The Microscope and its Revelations. By tho 

lat© WiLMAM B. Oaupkntkr, C.B., M.D,, F.E.S. Ei^^hth Kdithm» by tint 
Eov. W. H. JDallingke, E.E.B. Flateti and 8(K) W«hkI Knf<ravinj<;s. 

8d». net; or, in two voIh., sold Hepiimt<Oy, cloth, 2U«. net mcli. V<il. I. 'I’iie 
Microscope and its Accessories. Vol. IL The Microscope, its lUivelntionH. 

The Microtomist’s Vade-Mecum. By Aunmu ihu.i.KM 

Lau. Eighth Edition. Edited l)y J. BaoNTiHUTKNiiY, D.Hc. 2 Hj». ne(. 

A Text-book of Botany, for Medical and Phar- 

maceutical Stn(h‘ntH. By J. Biwaij>, D.Sc., FrofcHsor of Bi*tnny, 

Queen’s University, Belfast. 1850 11 lust rat ions. 21«. net. 

The Horticultural Record. By Rkoinai.o (bltY. ' 

With 117 Flattm in Colour and 71 Black and Whitts lUuHtratjonw. 42ff. not. ^ 

The Story of Plant Life in the British isles. 

By A. E. lIoKwooi), In 3 vols. With MIuh. <I«. VhI. net p('r volume. 

Plant Anatomy, By W. C. Ktkvknh, rrofuHHor of Botany 

in the University of Kansas. Third Edition. 152 Ilhmi rat ions. 153 . 0 ( 4 . 

A Text-book of Mycology and Plant Pathology. ; 

By J. W. llARHunmuiiHiit. With 271 lllustratioiiH. 21s. n<4. 

The Mechanical Principles of the Aeroplane. 

By Brodmtbky, M,.A., Eeadcu* in Applied Matlumuitics, lJniv(U’«ity (»f J 
Leeds. Ill) Diagrams. 21s. not. J 

The Principles of Aeroplane Construction. By > 

Eankin Kennjsdy, O.E, 51 Illustrations. 08. (hi. net. ^ 

Therapeutic Electricity and Practical Muscle ' 

Testing. By W. S. HkdijBY, M.B. 110 IlhistrationH. 8.'?. ihl. ncit. 

A Manual for Hospital Nurses. By K. J. Domvu.i.k, ; 

Surgeon, Devon and Exeter Hospital. Ninth Edition. Is. net. 

The Mothercraft Manual. By M. Liduiaui), k.B.N., ; 

Matron, Mothercraft Training Society. Second Edition, IM IlluHtratienM. i 
3s, 6d. net. 

J. & A. CHURCHILL 

LONDON: 7 GREAT MARLBOROUGH STREET ' 


'■COTE 



Q O 
O i\ 


ARY 


■‘2 

n 



